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DESCRIPTION 

\ [ 

CRASH-SAFE VEHICLE CONTROL SYSTEM 

5 

TECHNICAL FIELD 

The present invention relates to a crash-safe vehicle control 
system for effecting so-called "ACC and *TCS" controls, and any other 
controls of an automotive vehicle, so as to deal with a crashing of the vehicle, 
10 in particular, to prevent the crashing and protect occupants of the vehicle 
upon crashing of the vehicle with any object. 

BACKGROUND ART 

In the field of control of vehicles such as automobiles, a 

15 progress has been made in recent years in development and research of 
control technologies to deal with a crashing of an own vehicle with preceding 
objects existing in firont of the own vehicle. Examples of such control 
technologies include a control for preventing or avoiding the crashing of the 
own vehicle with the preceding objects, and a control for protecting 

20 occupants of the own vehicle upon crashing of the own vehicle. A typical 
and well-known control technology of the former type of control is a so-called 
"ACC (Auto-Cruise Control, or Adaptive-Cruise Control), which is generally 
a control technique to adjust an output of a drive power source such as an 
engine device of the own vehicle, so that the own vehicle is cruising following 

25 or tracing a preceding vehicle so as to maintain a predetermined relationship 
such as a distance between the two vehicles* On the other hand, a typical 
and well-known control technology of the latter type of control is a so-called 
'TCS** OPre-Crash-Safety) control, which is generally a control technique to 
forecast a crashing of the own vehicle and activate seatbelts and other 

30 occupant protective devices prior to the crashing. These crash-safe vehicle 
control technologies are desired to be more practically efiGective to deal with 
the vehicle crashing. 

For example, JP-A-2000-142321 and JP-B2-2946995 disclose 
techniques for detecting an object existing in firont of the own vehicle, 

35 determine a possibility of crashing of the own vehicle with the object on the 
basis of detected distance and relative speed between the own vehicle and 
the object, and activating pre-tensioners of seatbelts. These techniques are 
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common crash-safe controls to deal with a crashing of the own vehicle with 
the preceding objects. To effect the crash-safe controls, it is desirable to 
accurately detect the positional relationship between the own vehicle and 
preceding objects which have a high possibility of crashing with the own 

5 vehicle. cIP-A-2003-296350 discloses an example of a technique for 
accturately obtaining the positions of ambient objects surrounding the own 
vehicle or existing in the neighborhood of the own vehicle. 

The conventional crash-safe controls are generally effected on 
the basis of the condition of a vehicle immediately preceding the own vehicle, 

10 as disclosed in JP-A-2000-95130. On the other hand, JP-A-5-238367 
discloses a crash-safe control of the own vehicle, wherein information on a 
second preceding vehicle rimning in front of a first preceding vehicle 
immediately preceding the own vehicle is obtained to determine a possibility 
of collision between the first and second preceding vehicles, and to control 

15 the own vehicle so as to avoid its crashing. 

The above -identified publication JP-A-2003-296350 disclosing 
the technique relating to a device arranged to detect a width and other 
information of each object is unclear as to how this technique is practically 
embodied to effect crash-safe controls of the own vehicle. The detecting 

20 device disclosed therein is operable on an assumption that each object such 
as a preceding vehicle running in front of the own vehicle has a wave 
reflecting portion or reflector, so that the width and other information of the 
preceding vehicle can be detected on the basis of the wave reflected firom the 
reflector. However, automotive vehicles presently available do not have 

25 such a specific reflector. That is, the technique in question is not practically 
effective, and requires future establishment of an infirastructure that 
permits practical utilization of this technique. 

The technique disclosed in the above-identified publication 
JP-A-5-238367 is considered an advanced crash-safe vehicle control 

30 technique in its capability of avoiding multiplex crashing of a plurality of 
vehicles running in succession. However, this technique requires a 
transmitter provided on the first preceding vehicle rimning immediately in 
firont of the own vehicle, or on any ground communication facUity, so that 
information on the second and further preceding vehicles preceding the first 

35 preceding vehicle is received firom the transmitter by the own vehicle. In 
this respect, this technique is not practically effective, either, and requires 
future establishment of an infirastructure for communication between the 
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vehicles and between the own vehicle and the ground communication facility, 
which permits the own vehicle to obtain running speeds of the preceding 
vehicles and distances between the own vehicle and the preceding vehicles. 

5 DISCLOSURE OF THE INVENTION 

It is therefore an object of the present invention to provide a 
crash-safe vehicle control system which permits practically effective 
crash-safe controls of an automotive vehicle. This object may be achieved 
according to the principle of this invention, which provides a crash-safe 

10 vehicle control system for controlling an operating device of an own vehicle 
such as a vehicle decelerating device and an occupant protecting device, on 
the basis of information on at least one preceding object existing in front of 
the own vehicle, the crash-safe vehicle control system being characterized by 
effecting at least one of a non-first-preceding-object-information-dependent 

15 control and a width-related-information-dependent control. The term 
"non-first-preceding-object-information-dependent control" is interpreted to 
mean a control of the operating device on the basis of 
non-first-preceding-object information detected by the crash-safe vehicle 
control system per se, in the presence of a high possibility of crashing of the 

20 own vehicle with a first preceding vehicle existing immediately in firont of 
the own vehicle. The non-first-preceding-object information relates to at 
least one non-first preceding object each existing in firont of the first 
preceding vehicle. The term "width-related-information-dependent controF 
is interpreted to mean a control of the operating device on the basis of 

25 width-related information relating to at least one of a width and a widthwise 
position of at least one specific object selected firom the above-indicated at 
least one preceding object. 

Described briefly, the non-fibcst-preceding-object-information 
control is a crash-safe vehicle control effected by the crash-safe vehicle 

30 control system, by using a device provided on the own vehicle, for example, 
to detect the condition of each non-first preceding object existing in firont of a 
first preceding vehicle (a first preceding object) rxmning immediately in firont 
of the own vehicle, and control the own vehicle on the basis of the detected 
condition of the non-first preceding object. Since the 

35 non-first-preceding-object information used for the non-first-preceding- 
object-information-dependent control can be obtained by only the device 
provided on the own vehicle as a part of the crash-safe vehicle control system. 
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the system is practically effective to assure the safety of the own vehicle and 
its occupants. 

Described briefly, the width-^related-information-dependent 
control is a crash-safe vehicle control effected on the basis of at least one of 

5 the width dimension and widthwise position of a preceding object preceding 
the own vehicle, as viewed in the direction of width of the own vehicle, for 
example. The width-related information is useful for accurately recognizing 
the positional relationship of the preceding object with respect to tlie own 
vehicle. The crash-safe vehicle control system capable of effecting the 

10 width-related-information-related control is highly ef&cient and practically 
effective to assure the safety of the own vehicle and its occupants. 

The present invention may be embodied in various forms of 
the crash-safe vehicle control system, which will be described below in detail 
under the heading ^DETAILED DESCRIPTION OF THE INVENTION^. 

15 Those forms of the crash-safe vehicle control system have respective various 
features and advantages, which enable the system to be practically effective 
to assure the safety of the own vehicle and its occupants. 

BRIEF DESCRIPTION OF THE DRAWINGS 
20 Fig. 1 is block diagram showing an overall arrangement of a 

crashing-management vehicle control system constructed according to one 
embodiment of this invention; 

Fig. 2 is a view illustrating a manner in which a second 
preceding vehicle running in front of a first preceding vehicle which 
25 immediately precedes an own vehicle provided with the vehicle control 
system is detected by dif&action of a wave by a radar device of the vehicle 
control system according to the embodiment of Fig. i; 

Fig. 3 is a view illustrating a manner in which the second 
preceding vehicle is detected by reflection of a wave by a roadway surface^ by 
30 the radar device of the vehicle control system," 

Fig. 4 is a view illustrating a relative position and a relative 
speed between the own vehicle and a preceding object in the form of a vehicle, 
which are obtained by the radar device; 

Fig. 5 is a view illustrating width-related information of a 
35 preceding object to be obtained by an image-dependent information 
obtaining device of the vehicle control system of the embodiment; 

Fig. 6 is a flow chart illustrating a crash-safe control program 
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executed by a crash-safe ECU of the vehicle control system; 

Fig. 7 is a flow chart illustrating an own-lane-object 
specifying routine executed in step SI of the crash-safe control program of 
Fig. 6; 

5 Fig, 8 is a view illustrating relative positions of the own 

vehicle and specific preceding objects recognized by the radar device; 

Figs. 9A and 9B are views for explaining selection of potential 
own-lane objects; 

Fig. 10 is a view indicating width-related positions of a 
10 specific preceding object, which are calculated on the basis of the 
width-related information obtained by. the image-dependent information 
obtaining device; 

Figs. IIA-IID are views for explaining a determination as to 
whether each specific object exits in a running lane of the own object; 
15 Fig. 12 is a flow chart illustrating a routine for specifying 

ACC and PCS objects, which is executed in step S2 of the crash-safe control 
program of Fig. 6; 

Fig. 13 is a flow chart illustrating a first routine for control 
mode determination, which is executed in step S3 of the crash-safe control 
20 program of Fig. 6; 

Fig. 14 is a flow chart illustrating a second routine for control 
mode determination, which is executed in step S4 of the crash-safe control 
program of Fig. 6; 

Figs. ISA and 15B are views for explaining a lap ratio of the 
25 own vehicle and a preceding object, which is a parameter for changing the 
PCS control mode; 

Fig. 16 is a flow chart fllustrating a routine for ACC and PCS 
controls, which is executed in step S5 of the crash-safe control program of 
Fig. 6; and 

80 Fig. 17 is a block diagram showing functional elements of the 

crash-safe ECU of the crash-safe vehicle control system. 

m^ ATT Kn nRCjnRTPTrmsj cw Tfw. tnventton 

There will be described in detail various forms of the 
35 crash-safe vehicle control system, which are considered inventive according 
to the principle of this invention. Each of these forms of the invention is 
numbered like the appended claims and depends from the other form or 
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forms, where appropriate, for easier understanding of the technical features 
disclosed in the present specification. It is to be tinderstood that the 
present invention is not limited to the technical features or any combinations 
thereof which will be described, and shall be constructed in the light of the 

5 following descriptions of the various forms and a preferred embodiment of 
the invention. It is to be further understood that a plurality of elements or 
features included in any one of the following forms of the invention are not 
necessarily provided aU together, and that the invention may be embodied 
with selected at least one of the elements or features described with respect 

10 to the same form. It is to be still further imderstood that Japanese Patent 
Application Nos. 2003-195957 and 2003-195958 on which the present 
application is based are incorporated hereinto by reference. 

(l) A crash-safe vehicle control system for controlling an own vehicle, 
comprising- 

15 an object-information obtaining device operable to obtain object 

information on each of at least one preceding object existing in front of the 
own vehicle, the object information including information relating to a 
position of each preceding object relative to the own vehicle; 

an operating device operable in the presence of a high possibility of 
20 crashing of the own vehicle with one of the at least one preceding object; and 
a crash- safe control device operable to control the operating device on 
the basis of the object information on the at least one preceding object 
obtained by the object-information obtaining device, 

and wherein the crash-safe control device is operable to effect at least 
25 one of- (a) a non-first-preceding-object-infbrmation-dependent control of the 
operating device, on the basis of non-first-preceding-object information 
obtained by the object-information obtaining device, in the presence of a high 
possibility of crashing of the own vehicle with a first preceding vehicle which 
is one of the at least one preceding object and which exists immediately in 
30 front of the own vehicle, the non-first-preceding-object information relating 
to at least one non-first preceding object each of which is one of the at least 
one preceding object and exists in front of the first preceding vehicle, and (b) 
a width-related-information-dependent control of the operating device on the 
basis of width-related information relating to at least one of a width and a 
35 widthwise position of at least one specific object selected from the at least 
one preceding object. 

The crash-safe vehicle control system constructed according 



wo 2005/005206 



PCT/JP2004/009405 



7 



to the above-described form (l) is a fundamental form of the present 
invention. As briefly described above, the non-first-preceding-object- 
information control is a crash-safe vehicle control such as an ACC control 
and a PCS control of the operating device effected by the present crash-safe 

5 vehicle control system, by using a radar device or any other suitable device 
provided on the own vehicle, for example, to detect the condition of each 
non-first preceding object existing in firont of a first preceding vehicle (a first 
preceding object) running immediately in firont of the own vehicle, and 
control the operating device on the basis of the detected condition of the 

10 non-first preceding object, so as to avoid a crashing of the own vehicle with 
the fibrst preceding vehicle and to protect occupants of the own vehicle if the 
crashing takes place. Since the non-fixst-preceding-object-information- 
dependent control is based on the non-first-preceding-object irdformation, 
which can be obtained by only the device provided on the own vehicle as a 

15 part of the crash-safe vehicle control system, the present crash-safe vehicle 
control system can deal with a multiplex crashing involving the own vehicle, 
the first preceding vehicle and at least one non-first preceding vehicle, and is 
practically effective to assure the safety of the own vehicle and its occupants. 
Further, a possibility of crashing of the own vehicle with the fixst preceding 

20 vehicle can be determined with high acciuracy on the absis of the 
non-first-preceding-object information. 

As also briefly described above, the 
width-related-information- dependent control is a crash-safe vehicle control 
such as the ACC and PCS controls of the operating device effected on the 

25 basis of at least one of the width dimension and widthwise position of a 
preceding object preceding the own vehicle, as viewed in the direction of 
width of the own vehicle, for example. The direction of width of the own 
vehicle is perpendicular to the longitudinal direction of the own vehicle. The 
width-related information is useful for accurately recognizing the positional 

30 relationship of the preceding object with respect to the own vehicle. The 
crash-safe vehicle control system capable of effecting the 
width-related-information-related control is highly efficient and practically 
effective to assure the safety of the own vehicle and its occupants. 

The crash-safe control device, which is a core of the present 

35 crash-safe vehicle control system, may be principally constituted by a 
computer arranged to effect the ACC, PCS and any other crash-safe controls 
of the operating device. The ACC control is effected to enable the own 
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vehicle to follow or trace a preceding vehicle, at a running speed within a 
predetermined range, so as to maintain a predetermined relationship such 
as a distance between the two vehicles, for avoiding a crashing of the own 
vehicle with the preceding vehicle. On the other hand, the PCS control is 
5 effected in the presence of a possibility of a crashing of the own vehicle with 
a preceding vehicle, to initiate an operation of an occupant protective device 
(or set the occupant protecting device ready for operation), or apply a brake 
to the own vehicle, prior to the crashing. While various types of controls 
such as the ACC and PCS controls are available as the crash-safe controls of 

10 the operating device, the crash-safe control device of the present system may 
be arranged to effect all or a plurality of those crash-safe controls, or a 
selected one of those crash-safe controls. In the present system, f;he 
operating device is operable in the presence of a high possibility of crashing 
of the own vehicle with one of the at least one preceding object (which one 

15 preceding object may be a first preceding vehicle immediately preceding the 
own vehicle). The degree of the "high possibility"' depends on the specific 
type of the crash-safe control to be effected, and cannot be generally defined. 
That is, the threshold of the "possibility of crashing" which triggers the 
crash-safe control device varies depending upon the specific type of the 

20 crash-safe control. For instance, the crash-safe control device generally 
initiates the PCS control of the operating device when the possibility of 
crashing of the own vehicle with a preceding object has exceeded a threshold 
that is higher than a threshold for the ACC control. 

To effect the crash-safe control, it is convenient or reasonable 

25 to determine the possibility of crashing of the own vehicle with the preceding 
object, on the basis of a distance between the own vehicle and the preceding 
object, a time up to an expected moment of arrival of the own vehicle at the 
present position of the preceding object, a time up to an expected moment of 
crashing of the own vehicle with the preceding object, and any other similar 

30 control parameters. For example, the first preceding object (first preceding 
vehicle) which exists immediately in firont of the own vehicle generally has a 
considerably high possibility of direct crashing with the own vehicle. 
Accordingly, the possibility of crashing of the own vehicle with the first 
preceding object can be accurately determined on the basis of the control 

35 parameters described above. The above-described distance, and the arrival 
time and crashing time may be referred to as "crash-related relationship 
parameters" or simply as "relationship parameters", which represent the 
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relationship between the own vehicle and the preceding object in question. 
Described more specifically, the arrival time is defined as a time required for 
the own vehicle to arrive at the present position of the preceding object at 
the present running speed of the own vehicle, and is not influenced by a 
5 moving or running speed of the preceding object, while on the other hand, 
the crashing time is defined as a time required for the own vehicle to collide 
with the preceding object while the relative speed therebetween is held 
constant. Where the preceding object is a preceding vehicle, the 
above-described distance may be called ''a vehicle-to-vehicle distance", and 

10 the above-described arrival time may be called "a vehicle-to-vehicle time" or 
"a critical time". 

To control the operating device on the basis of the determined 
possibility of crashing of the own vehicle with the preceding object, the 
operation mode of the operating device (including the condition for initiating 

15 an operation, and the state of operation of the working device) is determined 
on the basis of the determined possibility of crashing, and the operating 
device is controlled in the determined operation mode. For instance, the 
moment of initiation of an operation of the operating device is advanced 
when the possibility of crashing is comparatively high, with respect to the 

20 moment of initiation when the possibility is comparatively low. Fiurther, the 
operating device is controlled such that an effect to be achieved by the 
operation of the operating device is larger when the possibility of crashing is 
comparatively high, than when the possibility is comparatively low. Both 
the moment of initiation of the operation of the working device and the effect 

25 to be achieved by the operation may be controlled as described above. 
There will be described the crash-safe controls of the operating device so as 
to advance the moment of initiation of its operation and/or increase the effect 
to be achieved by the operation with an increase in the possibility of 
crashing. 

30 The 

non"first"preceding-object"information-dependent control 
effected by the crash-safe control device may be arranged to determine the 
possibility of crashing of the own vehicle with the first preceding vehicle on 
the basis of the condition of the non-first-preceding-object information, in 
addition to or in place of the relationship parameters described above, so 
35 that the crash-safe control device controls the operating device on the basis 
of the determined possibility of crashing. For example, the crash-safe 
control device estimates a relationship between the own vehicle and the 
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non-first preceding object on the basis of the relationship parameters 
representative of the relationship therebetween, determines a possibility of 
crashing of the own vehicle with the first preceding vehicle (existing between 
the own vehicle and the non°first preceding object,) on the basis of the 
5 estimated relationship, and controls the operating device on. the basis of the 
determined possibility of crashing of the own vehicle with the first preceding 
vehicle. In another example, the crash-safe contxol device estimates the 
possibility of crashing between the non-first preceding object and the first 
preceding vehicle, on the basis of the relationship parameters of the non-first 
10 preceding object and the first preceding vehicle, such as a moving speed of 
the non-first preceding object (a rimning speed of the second preceding 
vehicle which precedes the first preceding vehicle), and a deceleration value 
of the non-first preceding object where this object is a moving object. In this 
example, the crash-safe control device determines the possibility of crashing 
15 of the own vehicle with the first preceding vehicle oh the basis of the 
estimated possibility of crashing between the first preceding vehicle and the 
non-first preceding object, and controls the operating device on the basis of 
the determined possibility of crashing of the own vehicle with the first 
preceding vehicle. The crash-safe controls as described above permit 
20 significant reduction of an operational delay of the operating device and its 
operation in a more optimum state, as compared with the crash-safe control 
based on the possibility of crashing of the own vehicle with the first 
preceding vehicle which is determined on the basis of only the relationship 
between the own vehicle and the first preceding vehicle. 
25 The width-related information used for the 

width-related-information-dependent control of the operating device by the 
crash-safe control device is an information relating to the position of at least 
one preceding object in the direction of width of the own vehicle, more 
specifically, the width of each preceding object (width dimension of a 
30 preceding vehicle), and an amount of deviation or offset of each preceding 
object firom the own vehicle in the direction of width of the own vehicle (e.g., 
position of a selected portion of each preceding object fi:om a reference 
position of the own vehicle in the width direction of the own vehicle). Those 
items of the width-related information are initially obtained by a 
35 width-related-information obtaining device (which will be described), and 
may be processed by the crash-safe control device to obtain another item or 
other items of the width-related information. For instance, the 
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width-related-information obtaining device initially obtains a width of the 
preceding object and a widthwise center position of the width, which are 
processed, by calculation, for example, by the crash-safe control device to 
obtain an widthwise end position of the preceding object. It is to be 
understood that the width-related information used for the 
width-related-information-dependent control includes the information thus 
obtained by the crash-safe control device by processing of the information 
initially obtained by the width-related-information obtaining device. 

The crash*safe control device of the crash-safe vehicle control 
system may include (a) an object-information obtaining portion arranged to 
receive the object information from the object-information obtaining device, 
(b) a control-object specifying portion arranged to specify at least one specific 
preceding object each as a control object for a crash-safe control of the 
operating device, on the basis of the object information received by the 
object-information obtaining portion, (c) an operation-mode determining 
portion arranged to determine a control mode (e.g., a condition for initiating 
an operation and a state of the operation) of the operating device, on the 
basis of the object information relating to each specific preceding object 
specified by the control-object specifying portion, and (d) an operation control 
portion arranged to control the operation of the operating device in the 
control mode determined by the control-mode determining portion. Where 
the non-first-preceding-object- information-dependent control of the 
operating device is effected under the control of the crash-safe control device 
constructed as described above, the non-first-preceding object may be 
specified by the control-object specifying portion, as one of the at least one 
specific preceding object. As described below in detail, the control-object 
specifying portion of the crash-safe control device may be arranged to specify 
the at least one specific preceding object on the basis of the width-related 
information, and the control-mode determining portion may be arranged to 
determine the control mode of the operating device on the basis of the 
width-related information. 

The operating device to be controlled by the crash-safe control 
device is not particularly limited, and may include any vehicle decelerating 
device constructed to decelerate the own vehicle, any occupant protective 
device constructed to protect the occupants (operator and passengers) of the 
own vehicle upon crashing of the own vehicle, and any other device that is 
controllable in a crash-safe control fashion. While a typical example of the 
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vehicle decelerating device is a brake device (e.g., hydravdically operated 
brake device), the vehicle decelerating device may include other devices such 
as an engine device, an electric motor and any other t5Tpe of a drive power 
source, which is capable of generating an engine brake or a regenerative 

5 brake, and a transmission device which is shifted down to increase the 
braking force to be generated by the drive power source. The occupant 
protective device includes a seatbelt device (preferably provided with 
pre-tensioners), an airbag device, a steering device including a steering 
column provided with a shock-absorbing mechanism, and a pedal device such 

10 as a brake pedal device, which is arranged to be displaced so as to reduce an 
impact which would act on the operator of the own vehicle in the event of a 
crashing of the own vehicle. The operating device of the present crash-safe 
vehicle control system may also include; a steering device provided with a 
steering mechanism operable to avoid a crashing of the own vehicle; a 

15 suspension device constructed to permit a change of the body height from the 
ground, so as to reduce an impact which would act on the occupants; a rear 
indicator device such as a brake lamp, and a communication device, for 
informing the trailing vehicles of a risk of crashing thereof with the own 
vehicle. 

20 The "at least one preceding object" the information of which is 

obtained by the object-information obtaining device may be a moving object 
such as a running vehicle, or a stationary object such as a vehicle stopped on 
a roadway, and an obstacle or any other object left or installed on a roadway. 
The first preceding vehicle whose possibility of crashing with the own vehicle 

25 is used for the non-first-preceding-object-information- dependent control is 
the first object which exists immediately in front of the own vehicle and with 
which the own vehicle may directly collide with the highest possibility. 
While the first preceding vehicle is a vehicle running immediately in front of 
the own vehicle, the non-first preceding object existing in front of the first 

30 preceding vehicle is not limited to a preceding running vehicle, and may be a 
stationary object. Each preceding object, the information of which is used to 
avoid or deal with a crashing of the own vehicle, is preferably an own-lane 
object lying on an own lane of the own vehicle, which is an imaginary 
running lane of the own vehicle which has a predetermined width and which 

35 is not necessarily an actual running lane marked on the roadway surface. 
The first preceding vehicle and the non-first preceding object are desirably 
selected from the own-lane objects. 
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The at least one non-first preceding object whose information 
is used for the non-first-preceding-object-information-dependent control may 
be one non-first preceding object existing in firont of the first preceding 
vehicle, or a plurality of non-first preceding objects existing in firont of the 
5 first preceding vehicle. For instance, the non-first-preceding-object- 
information-dependent control may be effected on the basis of a possibility of 
crashing of the own vehicle and the first preceding vehicle, which is 
determined on the basis of the conditions of a plurality of non-first preceding 
vehicles existing in firont of the fibcst preceding vehicle. 
10 The at least one specific object whose width-related- 

information is obtained for the width-related-information- dependent control 
is selected firom the at least one preceding, object whose information is 
obtained by the object-information obtaining device. All of the at least one 
preceding object may be selected as the at least one specific object, or a 
15 selected one or ones of the at least one preceding object may be selected as 
the specific object or objects. Since the possibility of crashing of the own 
vehicle directly with the first preceding object is the highest, the at least one 
specific object preferably includes at least the first preceding object. Where 
the non-first-preceding-object-information-dependent control and the 
20 width-related-information-dependent control are both effected by the 
crash-safe control device, the at least one specific object may include at least 
one non-first preceding object. 

The object-information obtaining device of the present 
crash-safe vehicle control system according to the above-described form (l) of 
25 this invention is not particularly limited in construction. Where the 
crash-safe control device is arranged to effect at least the 
non-first-preceding-object-information-dependent control, the object- 
icdformation obtaining device is required to include a device capable of 
detecting the at least one non-first preceding object. Since each non-fibrst 
30 preceding object exists in front of the first preceding vehicle existing 
immediately in firont of the own vehicle, the object-information obtaining 
device preferably includes a device capable of detecting a plurality of 
detecting a plurahty of preceding objects lyixxg on an own lane on which the 
own vehicle is running. Where the crash-safe control device is arranged to 
35 effect at least the width-related-information- dependent control, the 
object-information obtaining device is required to include a device capable of 
obtaining the width-related information. 
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(2) The crash-safe vehicle control system according to the 
above-described form (l), wherein the crash-safe control device is operable to 
eflGBct at least the non-first- preceding-object-information-dependent control. 

The crash-safe vehicle control system according to the 

5 above-described form (2) of the invention is capable of effecting the 
non-first-preceding-object-information-dependent control described above, 
and the following forms (3)-(20) of the crash-safe vehicle control system 
relate to various arrangements for effecting the 
non-first-preceding-object-information- dependent control. 

10 (3) The crash-safe vehicle control system according to the 

above-described form (2), wherein the object-information obtaining device 
includes an object-information obtaining radar device operable to detect a 
plurality of preceding objects which exist in front of the own vehicle and 
which he on an own lane on which the own vehicle is to run, the 

15 object-information obtaining radar device being operable to obtain the object 
information on each of the above-indicated at least one preceding object. 

In the crash- safe vehicle control system according to the 
above-described form (3) of the present invention, the object-information 
obtaining device includes an object-information obtaining radar device 

20 capable of detecting the preceding objects, so that the object-information 
obtaining device of the system obtains the object information of the at least 
one preceding object. This radar device is operable to obtain the object 
information of the plurality of preceding objects lying on the own lane of the 
own vehicle, that is, capable of detecting at least one non-first preceding 

25 object which exists in firont of the first preceding vehicle existing 
immediately in firont of the own vehicle. Therefore, the object-information 
obtaining device can obtain the object information effective for the 
non-first-preceding-object-information- dependent controL 

The crash-safe vehicle control system according to the 

30 above-described form (3) is defined in an independent format drafted as 
follows- 

-A crash-safe vehicle control system for controlling an own 
vehicle, comprising- 

an object-information obtaining device including a radar device 
35 operable to detect a plurality of preceding objects which exist in firont of the 
own vehicle and which lie on an own lane on which the own vehicle is to run, 
the object-information obtaining device being operable to obtain object 
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information on each of the plurality of preceding objects, the object 
information including information relating to a position of each preceding 
object relative to the own vehicle; 

an operating device operable in the presence of a high possibility of 
5 crashing of the own vehicle with one of the at least one preceding object; and 
a crash-safe control device operable to control the operating device on 
the basis of the object information on the at least one preceding object 
obtained by the object-information obtaining device, 

and wherein the crash-safe control device is operable to control the 
10 operating device, on the basis of non-first-preceding-object information 
obtained by the object-information obtaining device, in the presence of a high 
possibility of crashing of the own vehicle with a first preceding vehicle which 
is one of the plurality of preceding objects and which exists immediately in 
front of the own vehicle, the non-first-preceding-object information relating 
15 to at least one non-first preceding object each of which is one of the plurality 
of preceding objects and exists in front of the first preceding vehicle. - 

It is to be understood that the crash-safe vehicle control 
system defined above in the independent format may include features of the 
following forms (4)-(20) of the crash-safe vehicle control system. 
20 (4) The crash-safe vehicle control system according to the 

above-described form (3), wherein the radar device of the object-information 
obtaining device is a millimeter wave type radar device. 

The millimeter wave type radar device is arranged to 
generate a millimeter wave as a detecting wave having a comparatively long 
25 wavelength. Unlike a radar device utilizing a laser, the millimeter wave 
type radar device is able to detect a non-fixst preceding object at least partly 
hidden by the first preceding vehicle, by utilizing a diflBraction phenomenon 
or reflection of the millimeter wave by a roadway surface. Accordingly, the 
millimeter wave type radar device is capable of obtaining information on the 
30 non-first preceding object, such as a distance, relative angle and relative 
speed between the non-first preceding object and the first preceding vehicle. 
As discussed below in detail, the radar device is preferably an FM-CW radar 
device capable of a scanning operation by a digital-beam forming (DBF) 
technique, for detecting the preceding object. 
35 (5) The crash-safe vehicle control system according to any one of the 

above-described forms (2)-(4), wherein the object-information obtaining 
device is operable to obtain, as the object information, at least one of a 
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distance, a relative angle and a relative speed between each of the at least 
one preceding object and the own vehicle. 

The above-described items of the object information obtained 
by the object-information obtaining device are effective for the crash- safe 
controls, as information relating to the relationship between the own vehicle 
and each preceding object. For example, those items of the object 
information can be used to determine whether each preceding object exists 
on an own lane on which the own vehicle is to r\m, or to obtain information 
such as the arrival time and crashing time described above. The radar 
device is preferably arranged to be able to concurrently obtain the 
above-indicated three items of the object information, for improved operating 
response and ef&ciency of the system. 

(6) The crash-safe vehicle control system according to any one of the 
above -described forms (2)-(5), wherein the object-information obtaining 
device obtains the information on the first preceding vehicle, as the object 
information on one of the above-indicated at least one preceding object, and 
the crash-safe control device is operable to control the operating device on 
the basis of the information on the first preceding vehicle, which is obtained 
by the object-information obtaining device. 

In view of a fact that the own object has the highest 
possibiUty of crashing directly with the first preceding vehicle, it is desirable 
to effect the crash-safe controls of the operating device on the basis of the 
information relating to the first preceding vehicle, which is obtained by the 
object-information obtaining device, as in the crash-safe vehicle control 
system according to the above-described form (6) of this invention. For 
instance, the ACC and PCS controls of the operating device can be effected 
on the basis of the relationship parameters of the own vehicle and the first 
preceding vehicle, which relationship parameters are obtained on the basis 
of the distance and relative speeds between the own vehicle and the first 
preceding vehicle. Where the crash-safe vehicle control system is arranged 
to effect such crash-safe controls further depending on the specific state of 
the non-first preceding object, the crash-safe controls may be initiated when 
the obtained relationship parameters satisfy predetermined conditions, and 
the control mode of the operating device may be changed on the basis of the 
information relating to the non-fixst preceding object. 

(7) The crash-safe vehicle control system according to any one of the 
above-described forms (2)-(6), wherein the crash-safe control device is 
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Operable to estimate a possibility of crashing between the first preceding 
vehicle and the at least one non-fijst preceding object, and control the 
operating device on the basis of the estimated possibility of crashing between 
the first preceding vehicle and the at least one non-first preceding object. 

When an estimated possibility of crashing between the first 
preceding object and any non-first preceding object is higher, it is possible to 
determine that the own vehicle has a high possibUily of crashing with the 
first preceding vehicle. Where the first preceding vehicle has a crashing 
with the non-first preceding object or is abruptly braked to avoid a crashing 
with the non-first preceding object, there is a high possibility of crashing of 
the own vehicle with the fibrst preceding vehicle. In the crash-safe vehicle 
control system according to the above-described form (7) of this invention, 
the crash-safe control of the operating device can be effected upon 
determination of a high possibility of the own vehicle with the first preceding 
vehicle, on the basis of an estimated high possibility of crashing of the first 
preceding vehicle with any non-first preceding object. 

(8) The crash-safe vehicle control system according to the 
above-described form (7), wherein the object-information obtaining device 
obtains, as the object information on the at least one non-first preceding 
object, the information on a second preceding vehicle existing immediately in 
front of the first preceding vehicle, and the crash-safe control devices is 
operable to estimate a possibility of crashing between the first and second 
preceding vehicles, and control the operating device on the basis of the 
estimated possibility of crashing between the first and second preceding 
vehicles. 

The crash-safe vehicle control system according to the 
above-described form (8) of the invention is arranged to effect the crash-safe 
control of the operating device, on the basis of a possibility of a multiplex 
crashing involving a plurality of vehicles including the own vehicle, and a 
plurality of preceding vehicles which include the first preceding vehicle and 
the non-first preceding object in the form of the second preceding vehicle. 

(9) The crash-safe vehicle control system according to the 
above-described form (7) or (8), wherein the crash-safe control device is 
operable to control a moment of initiation of an operation of the operating 
device such that the moment of initiation when the possibility of crashing 
between the first vehicle and the at least one non-first preceding object is 
relatively high is advanced with respect to that when the possibility is 
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relatively low* 

The above-described form (9) of the present invention is one 
embodiment of the crash-safe control of the operating device on the basis of a 
possibility of crashing between the first preceding vehicle and any non-first 
preceding object(s). An operational delay of the operating device can be 
reduced by advancing the moment of initiation of the operation of the 
operating device. The moment of initiation of the operation of the operating 
device can be advanced by changing the predetermined conditions for 
initiating the ACC and PCS controls, for example. Where a determination 
as to whether the initiating conditions are satisfied or not is made on the 
basis of the relationship parameters of the own vehicle and the first 
preceding vehicle, for example, the moment of initiation of the operation of 
the operating device can be advanced by changing the threshold values of 
the relationship parameters such that the operation is initiated even when 
the possibility of crashing between the own vehicle and the first preceding 
vehicle as represented by the relationship parameters is relatively low. For 
advancing the moment of initiation of the ACC control of the own vehicle, it 
is possible to advance the moment of initiation of an operation of a device 
operable to decelerate the own vehicle, depending upon the estimated 
possibihty of crashing, more specifically, to advance the moment of initiation 
of reduction of an output of an engine device, the moment of initiation of a 
shift-down action of a transmission device, and the moment of activation of a 
hydraulic brake device. For advancing the moment of initiation of the PCS 
control, it is possible to advance the moment of activation of pre-tensioners 
of a seatbelt device to pre-tension seatbelts prior to an occurrence of the 
crashing of the own vehicle, and the moment of application of an emergency 
brake to the own vehicle. The moment of initiation of the operation of the 
operating device may be continuously advanced with an increase in the 
estimated possibility of crashing, or in steps depending upon a specific one of 
a plurality of control modes which is selected on the basis of the estimated 
possibility of crashing. 

(10) The crash-safe vehicle control system according to any one of the 
above-described forms (7)-(9), wherein the crash-safe control device is 
operable to control the operating device such that an effect to be achieved by 
the operation of the operating device when the possibility of crashing 
between the first vehicle and the at least one non-first preceding object is 
relatively high is increased with respect to that when the possibility is 
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relatively low. 

The above-described form (lO) of the present invention is 
another embodiment of the crash-safe control of the operating device on the 
basis of a possibility of crashing between the first preceding vehicle and any 
non-first preceding objectCs). An increase of the effect to be achieved by the 
operation of the operating device assures an increased degree of stability in 
the function to be performed by the operating device. The effect to be 
achieved by the operation of the operating device can be generally increased 
by increasing an amount of operation of the operating device, or a force 
generated by the operating device. For example, the effect to be achieved by 
the ACC or PCS control operation can be increased by increasing a 
deceleration value of the own vehicle or an effect to be achieved by the 
occupant protective device. Described in detail, the effect to be achieved by 
the ACC control operation when the possibility of crashing is relatively high 
can be increased by controlling a vehicle decelerating device so as to increase 
the deceleration value of the own vehicle, or by controlling a hydraulic brake 
device so as to raise fluid pressure in hydrauhcaUy operated wheel brake 
cylinders of the brake device. The effect to be achieved by the PCS control 
operation when the possibihty of crashing is relatively high can be increased 
by controlling the pre-tensioners of a seatbelt device so as to increase the 
pre -tension of the seatbelts prior to the crashing. The effect to be achieved 
by the operation of the operating device may be continuously increased with 
an increase in the estimated possibiLiiy of crashing, or in steps depending 
upon a specific one of a plurality of control modes which is selected on the 
basis of the estimated possibilily of crashing. 

(ll) The crash-safe vehicle control system according to any one of the 
above-described forms (2)-(l0), wherein the object-information obtaining 
device obtains, as the object information on the at least one non-first 
preceding object, the information on a second preceding vehicle existing 
immediately in front of the first preceding vehicle, and the crash-safe control 
devices is operable to estimate a deceleration value of the second preceding 
vehicle on the basis of the obtained information on the second preceding 
vehicle, and control the operating device on the basis of the estimated 
deceleration value of the second preceding vehicle. 

Where the non-first preceding object is the second preceding 
vehicle running immediately in firont of the first preceding vehicle, there is a 
high possibihty that an abrupt brake is applied to the first preceding vehicle. 
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in response to an abrupt brake application to the second preceding vehicle. 
Fxirther, the first preceding vehicle may collide with the second preceding 
vehicle, in spite of a brake apphcation to the first preceding vehicle. In such 
events, there is a high possibihty of crashing of the own vehicle with the first 

5 preceding vehicle. In the crash- safe vehicle control system according to the 
above-described form (ll) of this invention, the crash-safe control device may 
be arranged to determine that the own vehicle has a high possibility of 
crashing with the first preceding vehicle, when the detected deceleration 
value of the second preceding vehicle exceeds a threshold value, and 

10 activates the smtable crash-safe control of the operating device. Where the 
relative speed between the own vehicle and the second preceding vehicle can 
be detected, the deceleration value of the second preceding vehicle can be 
obtained by calculating the running speed of the second preceding vehicle on 
the basis of the detected relative speed between the own and second 

15 preceding vehicles, and obtaining the deceleration value of the second 
preceding vehicle on the basis of a rate of change of the calculated running 
speed. Alternatively, the deceleration value of the second preceding vehicle 
can be obtained by obtaining a relative deceleration value of the own and 
second preceding vehicles on the basis of a rate of change of the detected 

20 relative speed. The present crash-safe vehicle control system may be 
considered to be a system arranged to control the operating device on the 
basis of a possibility of crashing between the first and second preceding 
vehicles which is estimated on the basis of the deceleration value of the 
second preceding vehicle. In this respect, the present system may be 

25 considered to be one embodiment of the system arranged to control the 
operating device on the basis of an estimated possibility of crashing between 
the first preceding vehicle and the non-first preceding object. 

(12) The crash-safe vehicle control system according to the 
above-described form (11), wherein the crash-safe control device is operable 

30 to control a moment of initiation of an operation of the operating device such 
that the moment of initiation when the estimated deceleration value of the 
second preceding vehicle is relatively high is advanced with respect to that 
when the estimated deceleration value is relatively low. 

The crash- safe vehicle control system according to the 

35 above-described form (12) of this invention is one embodiment of the system 
according to the above-described form (ll) wherein the operating device is 
controlled on the basis of the estimated deceleration value of the second 
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preceding vehicle. The operational delay of the operating device can be 
reduced by advancing the moment of initiation of the operation of the 
operating device. The specific arrangement for advancing the moment of 
initiation of the operation of the operating device have been described above 
5 with respect to the form (9) of this invention. 

(13) The crash-safe vehicle control system according to the 
above-described form (ll) or (12), wherein the crash-safe control device is 
operable to control the operating device such that an effect to be achieved by 
the operation of the operating device when the estimated deceleration value 

10 of the second preceding vehicle is relatively high is increased with respect to 
that when the estimated deceleration value is relatively low. 

The crash-safe vehicle control system according to the 
above-described form (13) of this invention is another embodiment of the 
system according to the above -described form (ll) wherein the operating 

15 device is controlled on the basis of the estimated deceleration value of the 
second preceding vehicle. An increase of the effect to be achieved by the 
operation of the operating device assures increased degree of stability in the 
function to be performed by the operating device. The specific 
arrangements for increasing the effect to be achieved by the operation of the 

20 operating device have been described above with respect to the form (10) of 
this invention. 

(14) The crash-safe vehicle control system according to any one of the 
above-described forms (2)-(l3), wherein the object-information obtaining 
device obtains the information on the first preceding vehicle, as the object 

25 information on one of said at least one preceding object, and the crash-safe 
control device is operable to estimate at least one relationship value 
indicative of a relationship between the first preceding vehicle and the 
above-indicted at least one non-first preceding object, on the basis of the 
information on the first preceding vehicle and the above-indicated 

30 non-first-preceding-object information on the at least one non-first preceding 
object, which have been obtained by the object-information obtaining device, 
said at least one relationship value being selected from a distance between 
the first preceding vehicle and one of the at least one non-first preceding 
object, a time up to a moment of arrival of the first preceding vehicle at a 

35 present position of the above-indicated one non-first preceding object, and a 
time up to a moment of crashing of the fist preceding vehicle with the 
above-indicated one non-first preceding object, the crash-safe control device 
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controlling the operating device on the basis of the estimated at last one 
relationship value. 

In the crash-safe vehicle control system according to the 
above-described form (14) of this invention, the operating device is controlled 

5 on the basis of the relationship between the first preceding vehicle and the 
above-indicated at least one non-first preceding object, which is represented 
by at least one of the relationship values or parameters indicated above. 
These relationship parameters are suitable for estimating a possibility of 
crashing between the first preceding vehicle and any non-first preceding 

10 object. In this respect, the present crash-safe vehicle control system may be 
one embodiment of the above-described system wherein the operating device 
is controlled on the basis of an estimated possibility of crashing between the 
first preceding vehicle and the non-first preceding object. It will be 
imderstood that the possibility of crashing between the first preceding 

15 vehicle and the non-first preceding object increases with a decrease in the 
values of the above-indicated relationship parameters G,e., distance between 
the first preceding vehicle and the non-first preceding object, time up to the 
moment of arrival of the first preceding vehicle at the present position of the 
non-first preceding object, and time up to the moment of crashing of the first 

20 preceding vehicle with the non-first preceding object), and therefore the 
possibility of crashing between the own vehicle and the first preceding 
vehicle increases with the decrease in the values of the relationship 
parameters. 

(15) The crash-safe vehicle control system according to the 
25 above-described form (14), wherein the object-information obtaining device 
obtains the information on a second preceding vehicle existing immediately 
in firont of the first preceding vehicle, as the object information on the 
above-indicated one non-first preceding object, and the crash-safe contarol 
device is operable to estimate, as the at least one relationship value, at least 
30 one of the distance between the first and second preceding vehicles, the time 
up to the moment of arrival of the first preceding vehicle with the second 
preceding vehicle, and the time up to the moment of crashing of the first 
preceding vehicle with the second preceding vehicle, on the basis of the 
information on the first preceding vehicle and the information on the second 
35 preceding vehicle, which have been obtained by the object-information 
obtaining device, the crash-safe control device controlling the operating 
device on the basis of the estimated at least one of said distance and times. 
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The crash-safe vehicle control system according to the 
above-described form (15) of the invention is arranged to effect the crash-safe 
control of the operating device, in view of the relationship between the first 
preceding vehicle and the non-preceding object in the form of the second 
5 preceding vehicle, and a possibility of a multiplex crashing involving a 
plurality of vehicles including the own vehicle, and a plurality of preceding 
vehicles which include the first and second preceding vehicles* 

(16) The crash-safe vehicle control system according to the 
above-described form (14) or (15), wherein the crash-safe control device is 

10 operable to control a moment of initiation of an operation of the operating 
device such that the moment of initiation when the estimated at least one 
relationship value is relatively small is advanced with respect to that when 
the estimated at least one relationship value relatively large. 

The crash-safe vehicle control system according to the 

15 above-described form (16) of this invention is one embodiment of the system 
wherein the operating device is controlled on the basis of the at least one 
relationship value described above with respect to the above-described form 
(14). An operational delay of the operating device can be reduced by 
advancing the moment of initiation of the operation of the operating device. 

20 The specific arrangement for advancing the moment of initiation of the 
operation of the operating device have been described above with respect to 
the form (9) of this invention, 

(17) The crash-safe vehicle control system according to any one of the 
above-described forms (14)-(16), wherein the crash-safe control device is 

25 operable to control the operating device such that an effect to be achieved by 
the operation of the operating device when the estimated at least one 
relationship value is relatively small is increased with respect to that when 
the estimated at least one relationship value is relatively large. 

The crash-safe vehicle control system according to the 

30 above-described form (17) of this invention is another embodiment of the 
system according to the above-described form (14) wherein the operating 
device is controlled on the basis of the at least one relationship value. An 
increase of the effect to be achieved by the operation of the operating device 
assures increased degree of stability in the function to be performed by the 

35 operating device. The specific arrangements for increasing the effect to be 
achieved by the operation of the operating device have been described above 
with respect to the form (lO) of this invention. 
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(18) The crash-safe vehicle control system according to any one of the 
above-described forms (2)-(l7), wherein the object-information obtaining 
device includes an operating- state -information obtaining device arranged to 
obtain operating-state information indicative of an operating state of a 
preceding vehicle which is one of the at least one preceding object, and the 
crash-safe control device is operable to control the operating device on the 
basis of the operating-state information obtained by the 
operating-state-information obtaining device. 

When the first preceding vehicle is braked, or when a 
distance of the first preceding vehicle to the second preceding vehicle or any 
other non-first preceding vehicle becomes relatively short, for example, a 
hazard lamp provided on the first preceding vehicle may be turned on to 
inform the own vehicle of a decelerating state of the first preceding vehicle. 
In this case, it is reasonable to consider that there is a high possibility of 
crashing of the own vehicle with the first preceding vehicle. Thus, the 
operating-state information indicative of the illuminated state of the hazard 
lamp or brake lamp or any other operating state of the preceding vehicle is 
effective to estimate the possibility of crashing of the own vehicle with the 
first preceding vehicle. When the preceding vehicle is accelerated with an 
operation of an accelerator pedal to operate a throttle valve of the engine, it 
is reasonable to consider that there is a low possibility of crashing of the own 
vehicle with the first preceding vehicle. The crash-safe vehicle control 
system according to the above-described form (18) is arranged to effect the 
crash-safe control of the operating device on the basis of the operating-state 
information received firom the preceding vehicle. Described more 
specifically, the control mode of the operating device may be changed when 
an appropriate device on the preceding vehicle is operated. The preceding 
vehicle may be the first preceding vehicle, or the non-first preceding vehicle, 
tjrpically the second preceding vehicle. Since the own vehicle has the 
highest possibility of crashing directly with the first preceding vehicle, it is 
desirable to obtain at least the operating-state information on the first 
preceding vehicle. The crash-safe control of the operating device can be 
effected with increased stability, on the basis of not only the object 
information obtained by the radar device, but also the operating-state 
information obtained by the operating-state-information obtaining device. 

(19) The crash-safe vehicle control system according to the 
above-described form (18), wherein the operating-state-information 
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obtaining device includes a preceding-vehicle monitoring camera device 
operable to monitor the preceding vehicle, and is operable to obtain, as the 
operation-state information, an operating state of each of at least one of a 
brake lamp and a hazard lamp provided on the preceding vehicle, on the 

5 basis of image data obtained by the preceding-vehicle monitoring camera 
device, and the crash-safe control device is operable to control the operating 
device on the basis of the obtained operating slate ui each of the at least one 
of the brake lamp and the hazard lamp. 

In the above-described form (19) of the present invention, the 

10 operating-state-information obtaining device may include both the 
preceding-vehicle monitoring camera device, and an image processor 
operable to process the image data obtained by the preceding-vehicle 
monitoring camera device. Since the operating-state information can be 
obtained by only the object-information obtaining device which is provided 

15 on the own vehicle and which include the operating-state-information 
obtaining device, the present system is practically effective to effect the 
crash-safe control of the own vehicle. Where the present system is capable 
of effecting the width-related-information-dependent control described above, 
as well as the non-first-preceding-object-information-dependent control, the 

20 preceding-vehicle monitoring camera device may also be used for imaging 
the at least one preceding object, as described below with respect to the 
following form (23) of the invention. 

(20) The crash-safe vehicle control system according to the 
above-described form (18) or (19), wherein the operating-state-information 

25 obtaining device includes a receiver device operable to receive the 
operating-state information transmitted by radio communication, and the 
crash-safe control device is operable to control the operating device on the 
basis of the operating-state information received by the receiver device. 

In the crash-safe vehicle control system according to the 

30 above-described form (20) of the invention, the operation-state-information 
obtaining device is arranged to receive the operating-state information by 
radio communication. The receiver device of the 

operating-state-information obtaining device may receive the operating-state 
information directly from the preceding vehicle, by radio communication 

35 with the preceding vehicle, or indirectly firom communication xmits existing 
along a roadway, by radio communication with the communication units. 
The receiver device permits easy and reliable reception of the operating-state 
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information from the preceding vehicle and accurate control of the operating 
device, in an infrastructure environment well established for communication 
between the own vehicle and the other vehicles and between the own vehicle 
and ground commimication facilities. 

(21) The crash-safe vehicle control system according to any one of the 
above-described forms (l)-(20), wherein the crash-safe control device is 
operable to effect at least the width-related-information-dependent control. 

The crash-safe vehicle control system according to the 
above-described form (21) of the invention is capable of effecting the 
width-related-information-dependent control described above, and the 
following forms (22)-(34) of the crash-safe vehicle control system relate to 
various arrangements for effecting the width-related-information- dependent 
control. 

(22) The crash-safe vehicle control system according to the 
above-described form (21), wherein the object-information obtaining device 
includes a width-related-information obtaining device operable to obtain the 
width-related information relating to the above -indicated at least one 
specific object. 

In the crash-safe vehicle control system according to the 
above-described form (22) of the present invention, the object-information 
obtaining device includes a width-related-information obtaining device 
operable to obtain the width-related information on each specific object. 
The width-related-information obtaining device is not particularly Umited in 
construction, provided this obtaining device is able to obtain the 
width-related information. For instance, the width-related-information 
obtaining device is a radar device operable to detect a position of each 
specific object relative to the own vehicle, a combination of a camera device 
and an image -data processing device (which will be described), or any other 
suitable device. 

The crash-safe vehicle control system according to the 
above -described form (22) is defined in an independent format drafted as 
follows^ 

-A crash-safe vehicle control system for controlling an own 
vehicle, comprising^ 

an object-information obtaining device operable to obtain object 
information on each of at least one preceding object existing in front of the 
own vehicle, the object information including information relating to a 
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position of each preceding object relative to the own vehicle; 

an operating device operable in the presence of a high possibility of 
crashing of the own vehicle with one of the at least one preceding object; and 
a crash-safe control device operable to control the operating device on 

5 the basis of the object information on the at least one preceding object 
obtained by the object-information obtaining device, 

and wherein the object-information obtaining device includes a 
with-related-information obtaining device operable to obtain width-related 
information relating to at least a width and a widthwise position of at least 

10 one specific object selected &om the above-indicated at least one preceding 
object, and the crash-safe control device is operable to control the operating 
device, on the basis of the width-related information of the at least one 
specific object obtained by the width-related-information obtaining device,-- 
It is to be imderstood that the crash-safe vehicle control 

15 system defined above in the independent format may include features of the 
following forms (23)"(34) of the crash-safe vehicle control system. 

(23) The crash-safe vehicle control system according to the 
above-described form (22), wherein the width-related-information obtaining 
device includes an object-imaging camera device operable to take an image of 

20 each of the at least one preceding object, and an image-data processing 
device operable to process image data representative of the image taken by 
the object-imaging camera device, for obtaining the width-related 
information on each of the at least one specific object. 

The crash-safe vehicle control system according to the 

25 above-described form (23) of this invention is arranged to obtain the 
width-related information firom the image data obtained by the 
object-imaging camera device. As described above, the use of a radar device 
to accurately obtain the width-related information requires the preceding 
object to be provided with a reflector at an appropriate portion thereof. On 

30 the other hand, the use of the object-imaging camera device and the 
image-data processing device permit the width-related information to be 
accurately obtained, without the provision of such a reflector on the 
preceding object. In this respect, the present crash-safe vehicle control 
system is practically effective to control the operating device. The camera 

35 device includes an imaging device, which is not particularly limited in 
construction and which may be a CCD camera or a COMS camera. The 
camera device may be arranged to take a monochrome image or a color 



wo 2005/005206 



PCT/JP2004/009405 



28 



image. The image-data processing device may be principally constituted by 
a computer, and is configured depending upon the specific type of the camera 
device and the desired manner of data processing. The manner of 
processing the image data to obtain the width-related information is not 

5 particularly limited, and may be a process well known in the field of image 
data processing. The camera device may include a single camera or a 
plurality of cameras. For instance, the camera device is a stereo type 
camera device using two cameras which are spaced apart firom each other. 
The stereo type camera device permits recognition of the position of the 

10 preceding object in the longitudinal or running direction of the own vehicle. 

(24) The crash-safe vehicle control system according to the 
above-described form (22) or (23), wherein the object-information obtaining 
device includes an object detecting radar device operable to detect the 
above-described at least one preceding object, in addition to the 

15 width-related-information obtaining device. 

In the crash-safe vehicle control system according to the 
above-described form (24) of the invention, the object-information obtaining 
device includes both the width-related-information obtaining device and the 
object detecting radar device. Where all of the preceding objects are 

20 detected by the object-imaging camera device and the image-data processing 
device, the image-data processing device requires a relatively long time for 
processing the image data, and a load acting on the image-data processing 
device is considerably large when the number of the preceding objects is 
relatively large. On the other hand, the detection of the preceding objects 

25 by the radar device is comparatively easy. In the present crash-safe vehicle 
control system, the object information on each preceding object can be 
efficiently obtained by the radar device, so that the width-related 
information on a selected one or ones of the preceding objects, that is, 
width-related information on each specific object is obtained by the 

30 object-imaging camera device and the image-data processing device. The 
radar device is not particularly limited in construction, but is desirably 
arranged to obtain, as the object information, at least one of a distance, a 
relative angle and a relative speed between each of the at least one 
preceding object and the own vehicle. The radar device arranged to 

35 generate a millimeter wave as a detecting wave is desirable, since this type 
of radar device is capable of detecting all of the distance, relative angle and 
relative speed indicated above. The millimeter wave generated by the 
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radar device of millimeter wave type has a comparatively long wavelength. 
Unlike a radar device utilizing a laser, the millimeter wave type radar device 
is able to detect a non-first preceding object at least partly hidden by the 
first preceding vehicle, by utilizing a diffraction phenomenon or reflection of 
the millimeter wave by a roadway surface. Accordingly, the millimeter 
wave type radar device is capable of obtaining information on the non-first 
preceding object, such as a distance, relative angle and relative speed 
between the non-first preceding object and the first preceding vehicle. The 
width-related-information obtaining device including the object-imaging 
camera device and the image-data processing device is not capable of 
obtaining the width-related information on a non-first preceding object 
hidden by the first preceding vehicle. In this respect, the millimeter wave 
type radar device functions to supplement the width-related-information 
obtaining device. As discussed below in detail, the radar device is 
preferably an FM-CW radar device capable of a scanning operation by a 
digital-beam forming (DBF) technique, for detecting the preceding object. 
Where the crash-safe vehicle control system according to the present form 
(24) is operable to effect the non-first-preceding-object-information- 
dependent control as well as the width-related-information- dependent 
control, a single radar device may commonly function as the 
object-information obtaining radar device described with respect to the 
above-described form (3) and the object detecting radar device described with 
respect to the present form (24). 

(25) The crash-safe vehicle control system according to the 
above-described form (24), wherein the object detecting radar device is 
operable to obtain information relating to an approximate position of each of 
the at least one preceding object, and the width-related-information 
obtaining device is operable to obtain the width-related information on each 
of the at least one specific object, on the basis of the information relating to 
approximate position obtained by the object detecting radar device. 

The crash-safe vehicle control system according to the 
above-described form (25) of the invention is one embodiment of the system 
wherein the object-information obtaining device includes the object detecting 
radar device. As discussed below in detail, a radar device in general is not 
able to accutrately detect the position of a preceding object under some 
situation, but is able to efficiently detect an approximate position of this 
preceding object. In the present crash-safe vehicle control system, the 
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width-related-information obtaining device obtains the width-related 
information on each specific object on the basis of its approximate position 
obtained by the radar device, so that the load acting on the 
width-related-information obtaining device can be reduced. Where the 
5 width-related-information obtaining device includes an object-imaging 
camera device and an image-data processing device operable to obtain the 
width-related information, an image of the preceding object in question is 
extracted within a field of view of the camera device, as an image of a 
specific object, on the basis of the approximate position of the preceding 
10 object detected by the radar device, and the image data representative of this 
image are processed to obtain the width and/or widthwise position of the 
specific object. 

(26) The crash-safe vehicle control system according to the 
above-described form (24) or (25), wherein the width-related-information 

15 obtaining device selects the above-indicated at least one specific object firom 
the above-indicated at least one preceding object detected by the object 
detecting radar device, and obtains the width-related information on each of 
the at least one specific object. 

The crash-safe vehicle control system according to the 

20 above-described form (26) of this invention is one embodiment of the system 
wherein the object-information obtaining device includes the object detecting 
radar device. Where each preceding object is detected by the object-imaging 
camera device and the image-data processing device, the image-data 
processing device requires a relatively long time for processing the image 

25 data, and a load acting on Uie image-data processing device is considerably 
large, as described above. In the present crash-safe vehicle control system, 
a selected one or ones of the preceding objects detected by the radar device 
is/are selected as the at least one specific objects, and the width-related 
information is obtained for only the selected at least one specific object. 

30 Accordingly, the object information for all of the preceding objects can be 
efficiently obtained, and the width-related information on the specific object 
or objects can also be efficiently obtained. For instance, the width-related 
information is obtained for only those of the preceding objects which have 
been detected by the radar device and the width-related information of 

35 which is necessary for the crash-safe control of the operating device. 
Alternatively, the width-related information is obtained for only the 
preceding objects which are found to he on a running lane of the own vehicle. 
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(27) The crash" safe vehicle control system according to any one of the 
above-described forms (2l)-(26), wherein the crash-safe control device is 
operable to control the operating device on the basis of the widthwise center 
position of the at least one specific object represented by the width-related 

5 information. 

The crash-safe vehicle control system according to the 
above-described form (27) of the present invention is one embodiment 
relating to a reference position of each preceding object which is used for the 
crash-safe control of the operating device. In the present system wherein 
10 the center position of each preceding object in its direction of width is 
selected as its reference position, the manner of the crash-safe control can be 
relatively easily determined. 

(28) The crash-safe vehicle control system according to any one of the 
above-described forms (2l)-(27), wherein the crash-safe control device is 

15 operable to control the operating device, on the basis of at least one of 
widthwise opposite positions of each of the at least one specific object which 
are represented by the width-related information. 

The crash- safe vehicle control system according to the 
above-described form (28) of the present invention is another embodiment 

20 relating to the reference position of each preceding object which is used for 
the crash^safe control of the operating device. In the present system 
wherein one or both of the widthwise end positions of each preceding object 
in its direction of width is/are selected as its reference position or positions, 
the crash-safe control device can easily perform varioua processing 

25 operations, such as an operation to determine whether each preceding object 
lies on the running lane of the own vehicle. 

(29) The crash-safe vehicle control system according to any one of the 
above- described forms (2l)-(28), wherein the crash-safe control device is 
operable to estimate, on the basis of the width-related information the at 

30 least one specific object, a lap ratio of the own vehicle and each of the at least 
one specific object, the lap ratio being a ratio of an overlapping width of the 
own vehicle with respect to its overall width, which is expected if the own 
vehicle collides with each specific object over the overlapping width, the 
crash-safe control device being operable to control the operating device on 

35 the basis of the estimated lap ratio. 

When the own vehicle collides or crashes with a preceding 
object, the own vehicle receives a relatively large impact when the surface 
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area of contact between the own vehicle and the preceding object is relatively 
large. Where the own vehicle and the preceding object have the same width, 
the impact is generally considered to be the largest when the own vehicle 
and the preceding vehicle collide with each other such that the widthwise 

5 centerUnes of the two vehicle are aUgned with each other, namely, when the 
lap ratio is 1.0 (when the lap percentage is 100%). When the coUision is an 
of&et crashing with the centerlines being spaced apart from each other in 
the direction of width, it is considered that the impact is smaller, and 
decreases with an increase in the spacing distance between the centerlines of 

10 the two vehicles. Thus, the lap ratio is a parameter representative of the 
magnitude of the crashing impact. The crash-safe control, in particular, the 
PCS control of the operating device can be optimized to meet the specific 
situation, when the estimated crashing impact is taken into accoimt for the 
crash-safe control. Accordingly, the present crash-safe vehicle control 

15 system arranged to effect the crash-safe control on the basis of the lap ratio 
is practically effective to control the operating device. 

(30) The crash-safe vehicle control system according to the 
above-described form (29), wherein the crash-safe control device is operable 
to control a moment of initiation of an operation of the operating device such 

20 that the moment of initiation when the estimated lap ratio is relatively high 
is advanced with respect to that when the possibility is relatively low. 

The above-described form (30) of the present invention is one 
embodiment of the crash-safe control of the operating device on the basis of 
the lap ratio of the own vehicle and the preceding object. The crashing 

25 impact is considered to be relatively large when the lap ratio is relatively 
high. In the present crash-safe vehicle control system wherein the moment 
of initiation of the operation of the operating device is advanced when the 
lap ratio is relatively high, an operational delay of the operating device can 
be reduced. The moment of initiation of the operation of the operating 

30 device can be advanced by changing the predetermined conditions for 
initiating the ACC and PCS controls, for example. Where a determination 
as to whether the initiating conditions are satisfied or not is made on the 
basis of the relationship parameters of the own vehicle and the first 
preceding vehicle, for example, the moment of initiation of the operation of 

35 the operating device can be advanced by changing the threshold values of 
the relationship parameters such that the operation is initiated even when 
the possibility of crashing between the own vehicle and the first preceding 
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vehicle as represented by the relationship parameters is relatively low. For 
advancing the moment of initiation of the ACC control of the own vehicle, it 
is possible to advance the moment of initiation of an operation of a device 
operable to decelerate the own vehicle, depending upon the estimated lap 
ratio, more speci&caUy, to advance the moment of initiation of reduction of 
an output of an engine device, the moment of initiation of a shift-down action 
of a transmission device, and the moment of activation of a hydraulic brake 
device. For advancing the moment of initiation of the PCS control, it is 
possible to advance the moment of activation of pre^tensioners of a seatbelt 
device to pre-tension seatbelts prior to an occurrence of the crashing of the 
own vehicle, and the moment of application of an emergency brake to the 
own vehicle. The moment of initiation of the operation of the operating 
device may be continuously advanced with an increase in the estimated lap 
ratio, or in steps depending upon a specific one of a plurality of control 
modes which is selected on the basis of the estimated lap ratio. 

(31) The crash-safe vehicle control system according to the 
above- described form (29) or (30), wherein the crash-safe control device is 
operable to control the operating device such that an effect to be achieved by 
the operation of the operating device when the estimated lap ratio is 
relatively high is increased with respect to that when the estimated lap ratio 
is relatively low. 

The above-described form (31) of the present invention is 
another embodiment of the crash-safe control of the operating device on the 
basis of the estimated lap ratio. Since the crashing impact is considered to 
be relatively large when the lap ratio is relatively high, an increase of the 
effect to be achieved by the operation of the operating device in the present 
crash-safe vehicle control system assures an increased degree of stability in 
the function to be performed by the operating device. The effect to be 
achieved by the operation of the operating device can be generally increased 
by increasing an amount of operation of the operating device, or a force 
generated by the operating device. For example, the effect to be achieved by 
the ACC or PCS control operation can be increased by increasing a 
deceleration value of the own vehicle or an effect to be achieved by the 
occupant protective device. Described in detail, the effect to be achieved by 
the ACC control operation when the estimated lap ratio is relatively high can 
be increased by controlling a vehicle decelerating device so as to increase the 
deceleration value of the own vehicle, or by controlling a hydraulic brake 
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device so as to raise fluid pressure in hydraulically operated wheel brake 
cylinders of the brake device. The effect to be achieved by the PCS control 
operation when the estimated lap ratio is relatively high can be increased by 
controlling the pre-tensioners of a seatbelt device so as to increase the 
pre-tension of the seatbelts prior to the crashing. The effect to be achieved 
by the operation of the operating device may be continuously increased with 
an increase in the estimated lap ratio, or in steps depending upon a specific 
one of a plurality of control modes which is selected on the basis of the 
estimated lap ratio. 

(32) The crash-safe vehicle control system according to any one of the 
above-described forms (2l)-(3l), wherein the crash-safe control device is 
operable to determine, on the basis of the width-related information on the 
above-indicated at least one speci&c object, whether each of the at least one 
specific object lies on an own lane on which the own vehicle is to run, and 
control the operating device on the basis of a result of said determination. 

In the crash-safe vehicle control system according to the 
above- described form (32) of the invention, each specific object is checked as 
to whether it is an own-lane object lying on the own lane of the own vehicle. 
The own lane is an imaginary running lane in which the own vehicle is 
expected to run and which has a predetermined width and is not necessarily 
an actual running lane marked on a roadway surface. The width-related 
information can be effectively used to make the determination as to whether 
each specific object is the own-lane object. In the present system, the 
width-related information is used for efGLcient detection of the preceding 
objects lying on the own lane. 

(33) The crash-safe vehicle control system according to the 
above-described form (32), wherein the crash-safe control device is operable 
to determine that each of the at least one specific object lies on the own lane, 
when each specific object is at least partly located within a width of the own 
lane. 

The crash-safe vehicle control system according to the 
above-described form (33) of this invention is one embodiment of the system 
relating to the determination as to whether each specific object is an 
own-lane object which lies on the own lane. For instance, the preceding 
object is determined to lie on the own lane, if at least one of the widthwise 
opposite end positions of the preceding object represented by the 
width-related information is located within the width of the own lane. In 
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the present system, the determination as to whether each preceding object is 
an own-lane object can be easily made. 

(34) The crash-safe vehicle control system according to any one of the 
above-described forms (2l)-(33), wherein the object-information obtaining 

5 device is operable obtain the width-related information on each of at least 
one specific preceding vehicle each of which is one of the above-indicated at 
least one specific object and is a preceding vehicle existing in firont of the 
own vehicle, and the crash-safe control device is operable to control the 
operating device on the basis of the width-related information on each of the 

10 at least one specific preceding vehicle. 

In the crash-safe control of the operating device, the existence 
of at least one preceding vehicle in front of the own vehicle is usually taken 
into account. In the ACC control, for instance, the operating device is 
controlled to enable the own vehicle to trace or follow the first preceding 

15 vehicle. In this case, it is required and significant to obtain the 
width-related information on the first preceding vehicle. In the PCS control, 
too, it is required and significant to obtain the width-related information on 
a preceding vehicle with which the own vehicle has a high possibility of 
crashing. 

20 (35) The crash-safe vehicle control system according to the 

above-described form (l), wherein the crash-safe control device is operable to 
effect both of the non-first-preceding-object-information-dependent control 
and the width-related-information-dependent control. 

The crash-safe vehicle control system according to the 

25 above-described form (35) of this invention is arranged to effect both the 
non-first-preceding-object-information-dependent control and the 
width-related-information-dependent control is practically effective to 
control the operating device. The present system may incorporate any one 
of the technical features according to the above-described forms (3)-(20) and 

30 (22)-(34), 

BEST MODE FOR CARIOTN G OUT TEIE INVENTION 

There will be described one embodiment of the present 
invention in the form of a crash-safe vehicle control system, by reference to 
35 the accompanying drawings. It is to be understood that the present 
invention is not limited to the following embodiment, and may be otherwise 
embodied with various changes and alterations, such as those described in 



wo 2005/005206 



PCT/JP2004/009405 



36 



the foregoing DETAILED DESCRIPTION OF THE INVENTION, which may 
occur to those skilled in the art. 

<0verall Arrangement of the System> 

Referring first to the block diagram of Fig. 1, there is shown a 

5 crash-safe vehicle control system constructed according to one embodiment 
of the present invention. As shown in Fig. 1, the present system includes a 
plurality of electronic control units, each of which is principally constituted 
by a computer and wiU be abbreviated as "EC[T\ These ECUs includes a 
central ECU serving as a crash-safe control device in the form of a crash-safe 

10 ECU 10. As described below in detail, the crash-safe ECU 10 is arranged to 
obtain a relative positional relationship between an own vehicle and at least 
one preceding vehicle existing in front of the own vehicle, and effect 
crash-safe controls of the own vehicle such as ACC and PCS controls 
(Auto-Cruise Control or Adaptive- Cruise Control, and Pre-Crash-Safefy 

15 Control) on the basis of the obtained relative positional relationship, by 
controlling appropriate operating devices which will be described. 

The crash-safe ECU 10 is connected to various sensing 
devices through a sensor-system LAN 12 (a local area network within the 
own vehicle), and is arranged to control those sensing devices and obtain 

20 information relating to the surroundings of the own vehicle, and information 
relating to the behaviors of the own vehicle. The sensing devices provided 
in the present crash-safe vehicle control system include a radar device 14, an 
image-dependent-infbrmation obtaining device 20 and a yaw rate sensor 22, 
which are provided and constructed according to the principle of the present 

25 invention. The radar device 14 serves as an object-information obtadning 
radar device, and an object detecting radar device. The 
image-dependent-information obtaining device 20 includes two CCD cameras 
16 and an image data processor 18, The CCD cameras 16 serve as an object 
imaging camera device, and a preceding-vehicle monitoring camera device. 

30 The yaw rate sensor 22 is arranged to detect a yaw rate of the own vehicle. 
The radar device 14 and the image-dependent-information obtaining device 
20 constitute a major part of an object-information obtaining device of the 
present crash-safe vehicle control system. 

The crash-safe ECU 10 is further connected to a 

35 control-system LAN 30 (a local area network within the own vehicle), to 
which various operating devices are connected through respective ECUs. 
These operating devices are electronically controlled, and the corresponding 
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ECUs are connected to the crash-safe ECU 10 through the control- system 
LAN 30. Fig. 1 shows some of the operating devices which are provided and 
constructed according to the principle of the present invention. These 
operating devices are- an engine device including an engine ECU 32 and an 

5 electronic throttle actuator 34 controlled by the engine ECU 32; a 
transmission ECU 36 and a transmission actuator 38 controlled by the 
transmission ECU 36; a brake device including a brake ECU 42 and a brake 
actuator 44 controlled by the brake ECU 42; a steering device including a 
steering ECU 46 and a steering actuator 48 controlled by the steering ECU 

10 46; a seatbelt device including a seatbelt ECU 50 and a seatbelt actuator 52 
controlled by the seatbelt ECU 50; and an airbag device including an airbag 
ECU 56 and an airbag actuator 56. controlled by the airbag ECU 54. . These 
operating devices are controlled according to control signals received firom 
the crash-safe ECU 10, as described below in detail. The brake device 

15 further includes wheel speed sensors 64, and the steering device further 
includes a steering angle sensor 66. The crash-safe ECU 10 obtains a 
running speed and a steering angle of the own vehicle detected by the wheel 
speed sensors 64 and the steering angle sensor 66, as own-vehicle 
information relating to the own vehicle. For example, the crash-safe ECU 

20 10 obtains the running speed on the basis of a calculated average of 
peripheral speeds of four wheels of the own vehicle. The steering angle 
detected by the steering angle sensor 66 may be obtained by an angle of 
rotation of a steering wheel of the own vehicle from its neutral position, or a 
steering angle of steerable wheels of the own vehicle with respect to the 

25 longitudinal direction of the own vehicle. 

The present crash-safe vehicle control system further 
includes a communication device 70 for radio communication with the 
ambient vehicles existing in the neighborhood of the own vehicle, and 
commumcation iinits located along a roadway at predetermined intervals. 

30 The conmiunication device 70 is connected to an AV-system LAN 72 (a local 
area network within the own vehicle), which is provided for car navigation 
information. The AV-system LAN 72 is connected to the control-system 
LAN 30 through a gateway ECU 74. Thus, the crash-safe ECU 10 can 
obtain information relating to the ambient vehicles, and transmit the 

35 obtained information to the ambient vehicles. The communication device 
70 constitutes a part of the above-described object-information obtaining 
device. 
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The present crash-safe vehicle control system is arranged to 
control the above-described operating devices for effecting the ACC and PCS 
controls of the own vehicle, so as to prevent a crashing or collision of the own 
vehicle with preceding objects such as preceding vehicles existing in front of 
5 the own vehicle, and so as to protect the occupants (operator or driver and 
passengers) of the own vehicle upon crashing of the own vehicle, depending 
upon the conditions of the preceding objects which are detected by the radar 
device 14, CCD cameras 16, etc. 
<Radar Device> 

10 The radar device 14 provided in the present crash-safe 

vehicle control system is a millimeter wave type radar which uses a 
millimeter wave as a detecting wave, and is an FM-CW radar device which 
uses a transmission signal obtained by frequency modulation (FM 
processing) of a continuous wave (CW). This radar device 14 is installed on 

15 the own vehicle, and is operable to detect the preceding objects such as the 
preceding vehicles and traf&c or road signs, and to obtain both of positional 
relationships and speeds of the own vehicle relative to the preceding objects. 
The radar device 14 uses an adaptive array antenna filter, and is arranged to 
form and scan an antenna beam by a digital-beam forming (DBF) technique, 

20 for detecting the preceding objects as point information. The detecting 
principle and DBF technique of the FM-CW radar device are known in the 
art, as described in detail in JP-A-2003- 130945 and JP-A-8-220220, and a 
further explanation thereof is deemed unnecessary for the understanding of 
the present invention, 

25 The present radar device 14 detects the preceding objects 

located within a predetermined detecting range. Described in detail, the 
radar device 14 is arranged to scan a predetermined angular range (e.g., an 
angular rage of 10-20°) in front of the own vehicle, within a predetermined 
distance range defined by a predetermined maximum distance (e.g., 200m), 

30 so that the preceding objects spaced from the own vehicle by more than the 
maximum distance in the forward direction of the vehicle are not detected by 
the radar device 14. The radar device 14 is further arranged such that the 
width of the detecting range in the lateral or width direction of the own 
vehicle is variable depending upon the steering angle of the own vehicle 

35 detected by the steering angle sensor 66 and the running speed of the own 
vehicle detected by the wheel speed sensors 64 (or the yaw rate of the own 
vehicle detected by the yaw rate sensor 22), while the own vehicle is running 
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on a ciirved roadway (in a curved lane of the roadway). 

Unlike a radar device utilizing a laser, the present radar 
device 14 is able to detect non-first preceding objects hidden by a first 
preceding object (e.g., a first preceding vehicle) which immediately precedes 

5 the own vehicle. Where there are two preceding vehicles running in firont of 
the own vehicle on a straight roadway, for instance, the radar device 14 is 
able to detect the second preceding vehicle running in &ont of the first 
preceding vehicle immediately preceding the own vehicle. Referring to Fig. 
2, there is illustrated an example wherein a wave having a comparatively 

10 long wavelength is transmitted firom the radar device 14 installed on the 
own vehicle CO, and the transmitted wave reaches, due to a diffraction 
phenomenon, the second preceding vehicle Cff located in firont of the first 
preceding vehicle Cf rimning immediately in firont of the own vehicle CO. 
The wave which has reached the second preceding vehicle Cff is reflected by 

15 this vehicle Cff and received by the own vehicle CO. Another example is 
illustrated in Fig. 3, wherein a detecting wave transmitted firom the own 
vehicle CO is reflected by a surface area of the roadway located below the 
body of the first preceding vehicle Cf, and reaches the second preceding 
vehicle Cff. The detecting wave which has reached the second preceding 

20 vehicle Cff is reflected by this vehicle Cff and received by the own vehicle CO. 
As described below in detail, the present crash-safe vehicle control system 
including the radar device 14 having technical features as described above 
obtains the relative positional relationship between the own vehicle and the 
second preceding vehicle existing in firont of the first preceding vehicle 

25 immediately preceding the own vehicle, and effectively utiUzes the obtained 
relative positional relationship to effect the ACC and PCS of the own vehicle. 

The radar device 14 detects a most reflective portion of the 
preceding object which has the highest reflectivity of the wave received firom 
the radar device 14. Described more specifically with respect to an example 

30 of Fig. 4 wherein the preceding object is the preceding vehicle, the rear end 
face of the preceding vehicle Cn has a most reflective portion Q*(Cn), and the 
radar device 14 obtains, as the relative positional relationship between the 
own vehicle CO and the preceding vehicle Cn, a relative position and a 
relative speed between a center O of the firont end of the own vehicle CO and 

35 the most reflective portion Q'(Cn). Described in greater detail, the radar 
device 14 obtains (a) a distance Icn co between the own and preceding 
vehicles CO and Cn, (b) a relative angle 0Cn defined by a widthwise 
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centerline CL of the own vehicle CO and a straight line O-Q'(Cn) connecting 
the center O and the most reflective portion Q'(Cn), and (c) a relative speed 
Vcn Cn of the own and preceding vehicles CO, Cn in a direction parallel to the 
straight hne O-Q'(Cn). The distance Icn-co is one of parameters indicative of 
the relative positional relationship of the own and preceding vehicles CO, Cn. 
The relative speed is represented by a positive value when the own and 
preceding vehicles are approaching each other. The relative positional 
relationship is obtained even where the preceding object is stationary, for 
example, a stationary vehicle. It is noted that when relative angle Gcu is 
relatively large, the detected relative speed Vcn Cn does not accurately 
represent a difference between the running speeds Vco and Vcn of the own 
and preceding vehicles, but can be sxiitably used as a parameter for the ACC 
and PCS controls, since these controls are effected to deal with a crashing of 
the own vehicle with the preceding object, on the basis of a rate of change of 
the distance Icn co. 

The position of the most reflective portion of the preceding 
object in the width direction of the own vehicle is not held constant, but 
varies depending upon the positional relationship between the own vehicle 
and the preceding object. Where the widthwise position of the most 
reflective portion of the preceding object is estimated, the estimated 
widthwise position may include some amount of error of estimation. Where 
it is required to accurately control the own vehicle, a suitable measure must 
be taken to eliminate the error of estimation. 

The radar device 14 is arranged to intermittently detect the 
preceding object, at a very short time interval (e.g., several tens of msecs). 
The radar device 14 incorporates a processor which is principally constituted 
by a CPU and arranged to process the obtained object information, to specify 
the detected preceding object on the basis of a plurality of information sets 
obtained in the respective last cycles of detection. Described in the other 
way, the radar device 14 has a function of following or monitoring a specific 
one or ones of the preceding objects, on the basis of changes of the obtained 
relative positional relationship, relative speed, etc., so as to eliminate 
undesirable noises and exclude, guardrails and any other things from the 
objects to be monitored. The manner of this processing, which is not 
particularly limited, is disclosed in the above-identified publication 
JP-A-8-220220, for example. The radar device 14 is arranged to effect this 
processing, so as to select specific objects from among the preceding objects. 
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The specific objects include vehicles preceding the own vehicle, and 
stationary objects lying on the roadway, such as stationary vehicles. The 
obtained information on the relative positional relationships and relative 
speeds of the selected specific objects is transmitted to the 
5 image-dependent-information obtaining device 20, and is transmitted to the 
crash-safe ECU 10 according to a request command received firom the ECU 
10. 

<Image-Dependent-Infbrmation Obtaining Device> 

The image-dependent-infbrmation obtaining device 20 

10 includes the two CCD cameras 16 and the image processor 18 principally 
constituted by a computer. The two CCD cameras 16 are attached to 
respective two door mirrors or respective opposite ends of a front grill of the 
own vehicle, and serve as a stereo camera device. The image-dependent- 
information obtaining device 20 is operable to detect the position of a 

15 preceding object with respect to the reference position (i.e., the center O of 
the front end face) provided on the own vehicle, according to a so-called 
principle of triangulation utilizing parallax of each CCD camera 16. 

The image processor 18 is arranged to process the relative 
positional relationship and other information on the specific objects received 

20 from the radar device 14. On the basis of the received information, the 
image processor 18 is able to detect an approximate position of each specific 
object (as defined by the distance Icn-co and relative angle 0Cn described 
above). The thus detected position of the specific object, the image 
processor 18 recognize, as an image of the specific object, a portion which 

25 moves within the field of view of the CCD cameras 16. The manner of 
processing operation of the image processor 18 is not particidarly limited, 
and is well known in the art. 

Referring to Fig. 5, there is illustrated an example wherein 
the specific object in the form of a preceding vehicle Cn running in front of 

30 the own vehicle CO. In this example, the information obtained by the image 
processor 18 includes a width Wcn of the specific object, and a position 
AXq(CN) of the center Q(Cn) of the specific object in the direction of width of 
the own vehicle CO, with respect to the widthwise centerline CL of the own 
vehicle CO. The position AXq(CN) is represented by a positive value where 

35 the center Q(Cn) is located on the right side of the widthwise centerline CL, 
and a negative value where the center Q(Cn) is located on the left side of the 
widthwise centerline CL. These width Wcn and center position AXq(CN) of 
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the specific object are obtained by calculation on the basis of the detected 
opposite ends of the image in the width direction of the own vehicle, which 
image has been recognized by the image data processor 18 as described 
above. Where the specific object is the preceding vehicle Cn, for example, 

5 two clesurance lamps (width end indicator lights) of the preceding vehicle 
may be detected as the widthwise opposite ends of the preceding vehicle, to 
obtain the width Wca and center position AXq(CN), which are width-related 
information which relate to the width and widthwise position of the specific 
object. Thus, the image- dependent-information obtaining device 20 

10 functions as a width-related-information obtaining device. 

As described above, the radar device 14 detects, as the 
position of the preceding object, the indefinite position of the most reflective 
portion Q'(Cn) of the preceding object, while on the other hand the 
image-dependent-in&rmation obtaining device 20 is capable of accurately 

15 specifying the position of the preceding object. In the present embodiment, 
the image -dependent-information obtaining device 20 is arranged to 
accurately detect the width and widthwise position of the preceding object on 
the basis of the approximate position of the preceding object which has been 
obtained by the radar device 14. The image data processor 18 provided in 

20 the present embodiment is arranged to perform intermittent processing 
cycles at a vary short time interval (e.g., several tens of msecs), and has a 
function of following or monitoring the preceding object, like the radar device 
14. 

The obtained width Wcn, center position AXq(CN) and other 
25 information of each specific object are transmitted to the crash-safe ECU 10 
according to a request command received firom the ECU 10, It is noted that 
the CCD cameras 16 may not able to obtain image data of a non-first 
preceding object hidden by the first preceding object, such as the second 
preceding vehicle located right in firont of the first preceding vehicle which 
30 immediately precedes the own vehicle. In this event, the 
image-dependent-information obtaining device 20 informs the crash-safe 
ECU 10 of the fact that the CCD camera 16 are not able to obtain the image 
data. 

In the present embodiment, the image-dependent- 
35 information obtaining device 20 detects the position of each preceding object, 
by utilizing the parallax of the two CCD cameras 16. However, this 
parallax method may be replaced by a method in which the specific object is 
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estimated within the field of view of one of the CCD cameras 16, on the basis 
of the relative positional relationship obtained by the radar device 14, and 
the positions of appropriate portions of the estimated specific object within 
the field of view are detected, to obtain the width-related information on the 
basis of the detected positions of the appropriate portions of the specific 
object. According to this alternative method, each of the two spaced-apart 
CCD cameras 16 can be used alone, so that a dead-angle range (a dead area 
or space) in which the non-first preceding object is hidden by the first 
preceding object as viewed by the own vehicle can be narrowed. Accordingly, 
the image-dependent-information obtaining device 20 may use only one CCD 
camera 16. 

Each of the two CCD cameras 16 of the 
image-dependent-information obtaining device 20 is a color-imaging camera, 
so that the image-dependent-information obtaining device 20 is able to 
recognize the color of the specific object or the color of a portion of the 
specific object. Where the specific object is a preceding vehicle, for instance, 
the device 20 is able to recognize illuminated states of a brake lamp, a 
hazard lamp, directional lamps and any other indicator lamps or lights 
provided on the preceding vehicle. In the present embodiment, the image 
data processor 18 is arranged to detect the illuminated state of the brake 
lamp, as operating-state information of the first preceding vehicle selected as 
one of the specific objects. The thus obtained operating-state information 
and the above-indicated width-related information are transmitted to the 
crash-safe ECU 10. Namely, the image-dependent-information obtaining 
device 20 also functions as an operating-state-information obtaining device. 
<Crash-Safe Controls> 

The crash-safe controls performed by the present crash-safe 
vehicle control system include a non-first-preceding-object-information- 
dependent control of the operating devices, and a width-related-information- 
dependent control of the operating devices. These 
non-first-preceding-object-information-dependent control and width-related- 
information-dependent control are performed according to a crash-safe 
control program stored in a ROM of the crash-safe ECU 10. This crash-safe 
control program is illustrated in the flow chart of Fig. 6, and is initiated with 
step SO in which the crash-safe vehicle control system is initialized. Step 
SO is sequentially followed by steps S1-S5 to execute respective five routines, 
that is, step Si to execute a routine for specifying own-lane objects, step S2 
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to execute a routine for specifying objects for ACC and PCS operations, step 
S3 to execute a first routine for control mode determination, step S4 to 
execute a second routine for control mode determination, and step S5 to 
execute a routine for effecting the ACC and PCS controls. In the 
5 initialization in step SO, various parameters, mode indicator values, flags, 
etc. are reset. Then, steps S1-S5 are sequentially executed. This 
crash-safe control program is repeatedly executed with a relatively short 
cycle time (e.g., several tens of msecs), while an ignition switch of the own 
vehicle is in its ON state. There will be described the routines in steps 
10 S1-S5 in this order. 

i) Own-Lane-Object Specifying Routine 

The own-lane-object specifying routine in step SI is executed 
as illustrated in the flow chart of Fig. 7. This routine is initiated with step 
SlOl to obtain information on each of the specific preceding objects Cn (n = 1, 

15 2, ) which have been detected by the radar device 14, as the objects to be 

monitored. Described in detail, the information obtained in step SlOl 
includes the distance Icn co between the own vehicle CO and each preceding 
object Cn, the relative angle 0qi of each preceding object Cn as viewed fi:om 
the own vehicle CO, and the relative speed Vcn Cn of the own object CO and 
20 each specific preceding object Cn. Then, the control flow goes to step S102 
to estimate or define an own lane OL on the basis of the steering angle ^ 
detected by the steering angle sensor 66 and the running speed Vco of the 
own vehicle detected by the wheel speed sensors 64 (or the yaw rate y of the 
own vehicle detected by the yaw rate sensor 22). The own lane OL is an 
25 imaginary running lane in which the own vehicle is expected to rim and 
which has a predetermined width. Described in detail, a centerline COL of 
the own lane OL is obtained as a path taken by the reference position O of 
the own vehicle (widthwise center of the front end of the own vehicle), and 
the own lane OL is defined such that the own lane OL has a predetermined 
30 width WoL (e.g., 3m) a center of which lies on the obtained centerline COL. 
Where the own vehicle is running straight, the own lane OL is a straight 
lane extending parallel to the widthwise centerline CL of the own vehicle. 
Where the own vehicle is turning, the own lane OL is curved according to a 
radius of ttirning of the own vehicle, 
35 Step S102 is followed by step S 10 3 in which at least one 

potential own-lane object is selected firom the specific objects Cn. Each 
potential own-lane object is a preceding object Cn having a high probability 
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of existence in the own lane OL. Referring to Fig. 8, there is illustrated a 
positional relationship of the own vehicle CO with some specific preceding 
objects Cn recognized by the radar device 14 whUe the own vehicle is turning 
along a curve of the roadway, which has a relatively large radius. In this 
5 example of Fig. 8, six preceding vehicles exist as the specific preceding 
objects Cn in a portion of the roadway in front of the own vehicle CO. Figs. 
9A and 9B show two examples of the positional relationship of one preceding 
vehicle Cn with the own lane OL. Selection of the potential own-lane 
objects fi:om the specific objects will be described in detail by reference to 
10 Figs. 8, 9A and 9B. Initially, an amount of deviation AQ'(Cn) of each specific 
object Cn firom the centerline COL of the own lane OL is obtained on the 
basis of data indicative of the distance Icn co between the reference position 
of the own vehicle CO and the portion Q'(Cn) of the specific object Cn 
detected by the radar device 14; data indicative of the relative angle Qcni and 
15 data indicative of the centerline COL of the own lane OL. That is, the 
amount of deviation AQ^(Cn) of each specific object Cn firom the centerline 
COL of the own lane OL in the width direction of the own vehicle CO is 
calculated. If the absolute value of the calculated amount of deviation 
AQ'(Cn) is larger than the width Wql of the own lane OL, the preceding 
20 object Cn is not selected as a potential own-lane object. Described more 
specifically, the preceding object Cn in the example of Fig. 9A is selected as 
the potential own-lane object, but the preceding object Cn in the example of 
Fig. 9B is not selected as the potential own-lane object. If the width of each 
preceding object Cn could be accurately detected by the radar device 14, the 
25 threshold value used for the selection of the potential own-lane objects would 
be Wol/2. However, the radar device 14 cannot accxirately detect the width 
of the preceding vehicle Cn, the width Wol is used as the threshold value in 
step S103. Namely, step S103 is formulated to determine whether the 
portion Q'(Cn) of each specific object Cn recognized by the radar device 14 
30 Hes within a lane which has the centerUne COL and which has a width 2Wol. 
The threshold value used in step S102 is not limited to Wol/2, but may be 
selected as needed depending upon the specific crash-safe controls to be 
effected. According to the selection in step S103, the preceding vehicles C2 
and C5 in the example of Fig. 8 are excluded firom the potential own-lane 
35 objects. 

Then, the control flow goes to step S104 to receive the 
width-related information in the form of the width Wcn of each selected 
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specific object Cn, and the widthwise center position AXQ(Cn) of the potential 
own-lane object Cn, from the image- dependent-information obtaining device 
20. Step S104 is followed by step S105 to calculate three widthwise 
positions of each potential own-lane object Cn, as another portion of the 
width-related information. These three widthwise positions are 
represented by an amount of deviation AQ(Cn) of the widthwise center Q(Cn) 
of the specific object Cn from the centerline COL of the own lane OL, and 
amounts of deviation AQaCCn) and AQbCCn) of the right and left ends QnCCn) 
and QbCCn) of the potential own-lane object Cn from the centerline COL, as 
shown in Fig. 10, Each of the amounts of deviation AQ(CiO, AQrCCh) and 
AQbCCn) is calculated on an assumption that the preceding object Cn is 
spaced from the own vehicle CO by the distance Icn-co detected by the radar 
device 14. Each amount of deviation AQ(Cn), AQrCCh), AQlCCu) is a positive 
value where the corresponding position Q(Cn), QrCCii), QlCCh) is located on 
the right side of the centerline COL as seen in the running direction of the 
own vehicle CO, and a negative value where the position Q(Cn), QrCCu), 
QlCCu) is located on the left side of the centerline COL. Where the own 
vehicle is running straight (is not turning), the amount of deviation AQ(Cn) 
of the widthwise center Q(Cn) of the potential own-lane object Cn is equal to 
the widthwise center position AXqCCn) described above. 

Then, the control flow goes to steps S106-S113 to determine 
whether each potential own-lane object Cn selected in step S103 lies on the 
own lane OL, that is, whether each potential own-lane object is an own-lane 
object. Namely, step S106 is implemented to determine whether the 
amount of deviation AQ(Cn) of the widthwise center Q(Cn) is a positive value, 
that is, whether the widthwise center Q(Cn) deviates from the centerline 
COL of the own lane OL in the right direction, as shown in Figs. IIA and 
IIB. If an afBrmative decision (YES) is obtained in step S106, the control 
flow goes to sep S107 to determine whether the amoimt of deviation AQL(Cn) 
of the left end QL(Cn) is smaller than a half of the width Wol of the own lane 
OL, that is, whether the left end QL(Cn) Ues on the own lane OL, as shown in 
Fig. 11 A. If an affirmative decision (YES) is obtained in step S107, the 
specific object Cn is considered to exist on the own lane OL, and the control 
flow goes to step S108 to set an OWN-LANE-OBJECT flag Fcn to "1", that is, 
to determine the specific object Cn as the own-lane object. If a negative 
decision (NO) is obtained in step S107, the specific object Cn is considered to 
exist outside the own lane OL, as shown in Fig. IIB, and the control flow 
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goes to step S109 to reset the OWN-LANE-OBJECT flag Fcn to "0", that is, 
to determine that the specific object Cn is not the own-lane object. If a 
negative decision (NO) is obtained in step S106, that is, if the widthwise 
center Q(Cn) deviates firom the centerline COL in the left direction, as shown 
in Figs, lie and IID, the control flow goes to step SllO to determine 
whether the absolute value of the amount of deviation AQrCCh) of the right 
end QR(Cn) is smaller than the half of the width Wql, that is, whether the 
right end QrCCiO lies on the own lane OL, as shown in Fig. 110. If an 
affirmative decision (YES) is obtained in step SllO, the specific object Cn is 
considered to exist on the own lane OL, and the control flow goes to step 
Sill to set the OWN-LANE-OBJECT flag Fcn to If a negative decision 
(NO) is obtained in step SllO, the specific object Cn is considered to exist 
outside the own lane OL, as shown in Fig. IID, and the control flow goes to 
step S112 to reset the OWN-LANE-OBJECT flag Fcn to "0". Thus, steps 
S106-S112 are implemented to determine that the specific object Cn is an 
own-lane object existing on the own lane OL of the own vehicle CO, when at 
least the left or right end of the specific object Cn Ues within the width Wol 
of the own lane OL, Steps S108, S109, Sill and S112 are followed by step 
S113 to determine whether steps S106-S112 have been implemented for all 
of the potential own-lane objects Cn. Steps S106-S112 are repeatedly 
implemented until an affirmative decision (YES) is obtained in step S113. 
One cycle of execution of the routine of Fig. 7 is terminated when the 
affirmative decision is obtained in step S113. In the example of Fig. 8, the 
preceding vehicles CI, 04 and 06 are determined to be the own-lane objects 

As described above, when the image dependent-information 
obtaining device 20 has failed to obtain the width-related information on any 
preceding object Cn hidden by another preceding object Cn-i which precedes 
the object Cn, the crash-safe ECU 10 is informed that the width-related 
information on this preceding object Cn has not been obtained by the 
image-dependent-information obtaining device 20. If . any one of the 
potential own-lane objects Cn is any preceding object Cn whose 
width-related information has not been obtained by the 
image- dependent-information obtaining device 20, the portion Q'(Cn) of this 
potential own-lane object Cn recognized by the radar device 14 is regarded 
as its widthwise center Q(Cn), and the amounts of deviation AQR(Cn) and 
AQL(Cn) of the right and left ends of that potential own-lane object Cn are 
regarded to be zero. That is, the potential own-lane object Cn in question is 
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considered to exist on the own lane OL and is therefore regarded as the 
own-lane object. If no potential own-lane objects have been selected from 
the speci&c objects Cn in step S103, one cycle of execution of the 
own-lane-object specifying routine is terminated, with steps S106-S113 being 
skipped. 

The determination as to whether each potential own-lane 
object is an own-lane object is made on the basis of the widthwise center 
position and at least one of the right and left end positions of the potential 
own-lane object. Namely, the determination as to whether the potential 
own-lane object exists on the own lane OL is made on the basis of the 
width-related information. This determination is more reliable than the 
determination on the basis of only the information of each specific object 
obtained by the radar device 14. Where the required accuracy of 
determination as to whether each specific object is an own-lane object is not 
so high, steps S104-S113 may be eliminated. In this case, each potential 
own-lane object selected in steps S101-S103 is determined as an own-lane 
object. 

Steps S101-S103 may be implemented by a data processor of 
the radar device 14. In this case, the information relating to the potential 
own-lane objects is transmitted to the image-dependent-information 
obtaining device 20, and the image data processor 18 processes the received 
information, to obtain the width-related information of the potential 
own-lane objects. This modification reduces the nxmiber of the objects the 
information of which is processed by the image data processor 18, so that the 
load on the image data processor 18 is accordingly reduced, 
ii) ACC/PCS Object Specifying Routine 

Step SI of the crash-safe control program is followed by step 
S2 to specify the objects for the ACC and PCS controls. That is, after 
execution of the routine for specifying the own-lane objects, a routine 
illustrated in the flow chart of Fig. 12 is executed for specifying the objects 
for the ACC and PCS controls. The routine of Fig. 12 is initiated with step 
S201 to determine whether there is any own-lane object Cn existing on the 
own lane OL of the own vehicle CO. If a negative decisionCNO) is obtained 
in step S201, the control flow goes to step S5 of the crash-safe control 
program of Fig. 6, that is, to the ACC and PCS control routine. If an 
affirmative decision (YES) is obtained in step S201, the control flow goes to 
step S202 to specify the first preceding object Cf which immediately precedes 
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the own vehicle CO. Where only one preceding object exists in the own lane 
OL and in front of the own vehicle, this object is determined as the first 
preceding object C£ Where a plurality of preceding objects exist in the own 
lane OL and in front of the own vehicle, one of the preceding objects whose 
distance Icu-co from the own vehicle is the shortest is determined as the first 
preceding object Cf. The first preceding object Cf is determined, for the 
purpose of effecting the ACC and PCS controls of the own vehicle, so as to 
avoid a crashing of the own vehicle with this first preceding object Cf and 
protect the occupant of the own vehicle upon its crashing with the first 
preceding object C£ The first preceding object Cf may be a first preceding 
vehicle CI nmning immediately in front of the own vehicle CO, as sown in 
Fig. 1. 

Step S202 is followed by step S203 to obtain or calculate the 
distance Icf co between the first preceding object Cf and the own vehicle CO, 
the relative speed Vcf-co of the first preceding object Cf and the own vehicle 
CO, an arrival time Tacf-co, a crashing time Tbcf-co, and a moving speed Vcf of 
the first preceding object Cf. The arrival time Tacf co is a time up to an 
expected moment at which the own vehicle CO arrives at the present position 
of the first preceding object Cf. The crashing time Tbcf-co is a time up to an 
expected moment at which the own vehicle CO has crashed with the first 
preceding object Cf. The arrival time Tacf-co and the crashing time Tbcf-co 
are relationship parameters, more specifically, relationship values indicative 
of a relationship between the own vehicle CO and the first preceding object 
Cf. Described in detail, the distance Icf co and the relative speed Vcf co are 
those obtained by the radar device 14 for the first preceding object Cf^ and 
the arrival time Tacf co is calculated by dividing the distance Icf co by the 
running speed Vco of the own vehicle CO detected by the wheel speed sensors 
64, while the crashing time Tbcf co is calculated by dividing the distance Icf co 
by the relative speed Vcf-co- The moving speed Vcf of the first preceding 
object Cf is calculated by subtracting the relative speed Vcf-co from the 
moving speed Vco of the own vehicle CO. When the first preceding object Cf 
is a first preceding vehicle in front of the own vehicle CO, the arrival time 
Tacf-co may be called the "vehicle-to-vehicle time", and the moving speed Vcf 
of the object Cf is the running speed of the preceding vehicle, which is zero 
when the vehicle is stationary. 

Then, the control flow goes to step S204 to determine whether 
any non-first preceding object exists in the own lane OL and in front of the 
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first preceding object C£ If a negative decision (NO) is obtained in step S204, 
the control flow goes to step S4 of the crash-safe control program of Fig. 6, 
that is, to the second routine for control mode determination. If an 
affirmative decision (YES) is obtained in step S204, the control flow goes to 
5 step S205 to determine the second preceding object Off existing in the own 
lane OL and immediately in firont of the first preceding object Cf. If only one 
non-first preceding object exists in the own lane OL and in front of the fijrst 
preceding object Cf^ this non-first preceding object is determined as the 
second preceding object CfEl If a pluraHty of non-first preceding objects Cn 
10 exist in the own lane OL and in firont of the first preceding object Cf, one of 
the non-first preceding objects Cn whose distance Icn-co fi:om the own vehicle 
CO is the shortest is determined as the second preceding object CS. The 
second preceding object CfiE' may be the second preceding vehicle in firont of 
the first preceding object Cf. In the example of Fig. 8, the preceding vehicle 
15 C4 is the second preceding vehicle Cff existing in the own lane OL and 
immediately in firont of the first preceding vehicle Cl. 

Step S205 is followed by step S206 to obtain or calculate the 
distance Icff-cf between the second preceding object Cff and the first 
preceding object Cf, the relative speed Vc£f-cf of the second and first 
20 preceding objects Cff, Cf, an arrival time Tacfr-cf, a crashing time Tbcff-cf^ si 
moving speed Veer of the second preceding object C^ and a deceleration 
value Gcff of the second preceding object Cff. The arrival time Tacff-cf is a 
time which is expected to pass until the first preceding object Cf arrives at 
the present position of the second preceding object Cff. The crashing time 
25 Tbcff cf is a time until the first preceding object Cf has collided or crashed 
with the second preceding object Cfif. The arrival time and crashing time 
Tacff-Cf and Tbcff-Cf are relationship parameters, more specifically, 
relationship values indicative of a relationship between the first and second 
preceding objects Cf^ CfEl Described in detail, the distance Icff-cf is calculated 
30 by subtracting the distance Icn co between the own vehicle CO and the fist 
preceding object Cf, firom the distance Icn Co between the own vehicle CO and 
the second preceding object Cff. These distances Icn co of the first and 
second preceding objects Cf, Cff frrom the own vehicle CO Eire those detected 
by the radar device 14. The relative speed Vcff-cf is calculated by 
35 subtracting the detected relative speed Vcn-co of the own object CO and the 
fixst preceding object Cf from the relative speed Vcn co of the own object CO 
and the second preceding object Cff. The arrival time Tacff-cf is calculated 
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by dividing the distance Icff Cf by the abready calcxilated moving speed Vcf of 
the first preceding object Cf, whUe the crashing time Tbcff-cf is calcxilated by 
dividing the distance Icff-cf by the relative speed Vcfc-Cf. The moving speed 
Vcff of the second preceding object Cff is calculated by subtracting the 
calculated relative speed Vcff cf from the running speed Vco of the own 
vehicle CO. To calculate the deceleration value Gem the crash-safe ECU 10 
stores the moving speed Yes of the second preceding object Cff which was 
calculated in the last cycle of execution of the routine of Fig. 12. The 
deceleration value Gc£f is calculated by dividing a difference between the two 
moving speed values Vcff calculated in the last and present cycles of 
execution of the routine of Fig. 12, by a predetermined cycle time of 
execution of the routine. One cycle of execution of the routine of Fig. 12 is 
terminated upon completion of the calculation in step S206. 
iii) First Routine for Control Mode Determination 

The first control mode determining routine in step S3 of the 
crash-safe control program of Fig. 6 is illustrated in detail in the flow chart 
of Fig. 13. This routine is provided to determine the control modes for the 
ACC and PCS controls to be effected in step S5. Described in detail, the 
present routine is executed for changing the control modes for the ACC and 
PCS controls, on the basis of a relationship between the first preceding 
object Cf and the second preceding object Cff. A change in the control 
modes is effective particularly where the first preceding object Cf is the first 
preceding vehicle CI, as in the example of Fig. 8. In this sense, the routine 
of Fig. 13 wiU be explained where the first preceding object Cf is the first 
preceding vehicle. Steps S301-S304 of the routine are implemented for 
determining the control mode for the PCS control, while steps S305-S309 of 
the routine are implemented for determining the control mode for the ACC 
control. 

The routine of Fig. 13 is initiated with step S301 to determine 
whether the crashing time Tbcff Cf of the first preceding vehicle Cf with 
respect to the second preceding object Cff is shorter than a predetermined 
threshold time Tbpcs (e.g., 0.65sec). Namely, step S301 is implemented to 
determine, on the basis of the crashing time Tbcff cf, whether there is a high 
possibility of crashing or collision of the first preceding vehicle Cf with the 
second preceding object Cff. This determination, which is made for 
determining the control mode for the PCS control, is made to determine 
whether there is a high possibility of crashing or collision of the own vehicle 
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CO with the first preceding vehicle Cff, Determinations in steps S302 and 
S303 following step S301 are effective where the second preceding object Cff 
is the second preceding vehicle C£ These steps S302 and S303 are 
implemented to determine whether there is a high possibility of crashing or 
collision between the first and second preceding vehicles Cf, Cff. Described 
more specifically, step S302 is implemented to determine whether the 
deceleration value Gcs of the second preceding vehicle Cff is higher than a 
predetermined threshold value Gpcs (e.g., 0.5G), and step S303 is 
implemented to determine whether the time required for the first preceding 
vehicle Cff to arrive at the present position of the second preceding vehicle 
Cff, that is, the vehicle-to-vehicle time or critical tiine Tacff-cf of the first and 
second preceding vehicles C^ Cff is shorter than a predetermined threshold 
time Tapes (e.g., l.Osec). Where an abrupt brake is applied to the second 
preceding vehicle Cff while the distance between the first and second 
preceding vehicles Cf, Cff is comparatively short, for example, it is 
determined that there is a high possibility of crashing or collision between 
the first and second preceding vehicles Cf, Cff^ and it is therefore determined 
that there is a high possibihty of crashing or collision between the own 
vehicle CO and the first preceding vehicle Cf. Step S304 is implemented 
when an aflSrmative decision (YES) is obtained in step S301, or when 
affirmative decisions (YES) are obtained in both of steps S302 and S303. 

Step S304 is implemented to change or increment a PCS 
initiating time Tspcs and a PCS operation mode value Mpcs. The PCS 
initiating time Tspcs defines a moment of initiation of operations of 
appropriate ones of the above-described operating devices (32-56) in the PCS 
control, while the PCS operation mode value Mpcs indicates the operation 
mode of those operating devices. The PCS initiating time Tspcs is a 
threshold time (e.g., l.Osec) which is determined or updated in relation to the 
crashing time Tbcf co of the first preceding vehicle Cf and the own vehicle CO 
and which is used in step S502 in the ACC and PCS control routine which 
will be described by reference to the flow chart of Fig. 16. That is, the 
operations of the appropriate operating devices (e.g., brake actuator 44 and 
seatbelt actuator 52) for the PCS control are initiated when the crashing 
time Tbcf-co has become equal to or shorter than the threshold time Tspcs- 
Each time step S304 is implemented, the PCS initiating time Tspcs is 
incremented by a predetermined amoxmt ATspcsi (e.g.,0.2 sec), so that the 
moment of initiation of operations of the appropriate operating devices is 
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advanced by the predetermined amount ATspcsi. Thus, the control mode for 
the PCS control is changed, in respect of the moment of initiation of 
operations of the operating devices for the PCS controL On the other hand, 
the PCS operation mode vsdue Mpcs is a parameter which defines a 
5 magnitude of an effect to be achieved by the operations of the operating 
devices in the PCS controL The PCS operation mode value Mpcs is initially 
set at zero, and is incremented by a predetermined amount AMpcsi (e.g., l) 
to increment the magnitude of the effect each time step 8403 is implemented. 
Thus, the control mode for the PCS control is changed, in respect of the effect 
10 to be achieved by the PCS control. 

Then, the control flow goes to step S305 to determine whether 
the crashing time Tbcs-cf of the first preceding vehicle Cf with respect to the 
second preceding object Off is shorter than a predetermined threshold time 
TbACC (e.g., l.Osec). Namely, step S305 is implemented to determine, on the 
15 basis of the crashing time Tbcff-cf, whether there is a high possibility of 
crashing or collision of the first preceding vehicle Cf with the second 
preceding object Cff. This determination, which is made for determining 
the control mode for the ACC control, is made to determine whether there is 
a high possibihty of crashing or collision of the own vehicle CO with the first 
20 preceding vehicle Cf. Determinations in steps S306 and S307 following step 
S305 are effective where the second preceding object Cff is the second 
preceding vehicle Cff. These steps S306 and S307 are implemented to 
determine whether there is a high possibility of crashing or collision between 
the first and second preceding vehicles C£, Cff. Described more specifically, 
25 step S306 is implemented to determine whether the deceleration value Gcs 
of the second preceding vehicle Cff is higher than a predetermined threshold 
value Gacc (e.g., 0.2G), and step S307 is implemented to determine whether 
the time \mtil the first preceding vehicle Cf arrives at the present position of 
the second preceding vehicle Cff, that is, the critical or vehicle-to-vehicle 
30 time Tacff Cf of the first and second preceding vehicles Cf, Cff is shorter than 
a predetermined threshold time TaACC (e.g., 2.0sec). Step S307 is followed 
by step S308 to determine whether a brake is applied to the first preceding 
vehicle Cf. This determination in step S308 is implemented by determining 
whether the brake lamp of the brake device of the first preceding device Cf is 
35 in the illumiaated state, on the basis of the operating-state information 
obtained by the image-depending-information obtaining device 20, or the 
operating state of the brake device detected by the communication device 70. 
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As in the PCS control, it is determined that there is a high possibility of 
crashing between the first and second preceding vehicles CfE, where an 
abrupt brake is apphed to the second preceding vehicle Cff while the first 
preceding vehicle Cf is running at a comparatively high speed and while the 
distance between the first and second preceding vehicles Cf, Cff is 
comparatively short. In this case, it is determined that there is a high 
possibility of crashing of the own vehicle CO with the first preceding vehicle 
Cf. Step S309 is implemented when an a£5rmative decision (YES) is 
obtained in step S305, or when af&rmative decisions (YES) are obtained in 
all of three steps S306, S307 and S308. 

Step S309 is implemented to change or increment an ACC 
initiating time Tsagg and an ACC operation mode value Macg. The ACC 
initiating time Tsacg defines a moment of initiation of operations of 
appropriate ones of the above -described operating devices in the ACC control 
(more precisely, electronic throttle actuator 34, transmission actuator 48, 
and brake actuator 44 in a deceleration- ACC control operation which will be 
described), while the ACC operation mode value Macc indicates the 
operation mode of the operating devices. The ACC initiating time Tsacg is a 
threshold time which is determined or updated in relation to the crashing 
time Tbcf-co of the first preceding vehicle Cf and the own vehicle CO and 
which is used in step S507 in the ACC and PCS control routine of Fig. 16. 
That is, the operations of the appropriate operating devices for the ACC 
Control are initiated when the crashing time Tbcf-co has become equal to or 
shorter than the threshold time Tsagg. The ACC initiating time Tsagg 
(threshold time) may be held constant (e.g., 2.0sec) or may be selected firom a 
plurality of values (e.g., 2.4sec, 2.0sec and l.Ssec) depending upon the 
weather, time (daytime or nighttime) or any other environmental feictors. 
Each time step S309 is implemented, the ACC initiating time Tsagg is 
incremented by a predetermined amoimt ATsaggi (e.g., 0,4sec), so that the 
moment of initiation of operations of the operating devices is advanced by 
the predetermined value ATsaggi. Thus, the control mode for the ACC 
control is changed, in respect of the moment of initiation of operations of the 
operating devices for the ACC control. On the other hand, the ACC 
operation mode value Magg is a parameter which defines a magnitude of an 
effect to be achieved by the operations of the operating devices in the ACC 
control. The ACC operation mode value Macg is initially set at zero, and is 
incremented by a predetermined amount AMaggi (e.g., 1) to increment the 
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magnitude of the effect each time step S309 is implemented. Thus, the 
control mode for the ACC control is changed, in respect of the effect to be 
achieved by the ACC control. The PCS initiating time Tspcs, PCS operation 
mode value Mpcs, ACC initiating time Tsacc and ACC operation mode value 
Macc are reset in the initialization step SI of the crash-safe control program 
of Fig. 6 each time this control program is executed. 

iv) Second Routine for Control Mode Determination 

The second control mode determining routine in step S4 of 
the crash-safe contorol program Fig. 6 is illustrated in detail in the flow chart 
of Fig. 14. This routine is provided to determine the control mode for the 
PCS control to be effected in step S5. Described in detail, the present routine 
is executed for changing the control mode for the PCS control, on the basis of 
a relationship between the first preceding object Cf and the own vehicle CO, 
more specifically, on the basis of a lap ratio Lap of the own vehicle CO with 
respect to the first preceding object Cf, which is expected in the event of a 
crashing therebetween. The PCS control on the basis of the lap ratio Lap is 
effective not only where the first preceding object Cf is the first preceding 
vehicle, but also where the first preceding object Cf is a stationary object. 

The routine of Fig. 14 is initiated with step S401 to calculate 
the lap ratio in the form of a lap percentage Lap(%) of the own vehicle CO 
with respect to the first preceding object Cf, which is expected if a crashing 
between the own vehicle CO and the first preceding object Cf takes place. 
The lap percentage Lap(%) represents a percent value of an overlapping 
width Ws of the own vehicle CO with respect to its overall width Woo, which 
is expected in the event where the own vehicle CO collides with the preceding 
object Cf over the overlapping width Ws, as indicated in an example of Fig. 
15A wherein the own vehicle CO collides with the first preceding vehicle Cf. 
The lap percentage Lap(%) is represented by the following equation- 

Lap(%) = (Wco/2 - ( I AQ(C£) I - Wcf/2)) x lOOAVco 
As indicated in Fig. 15B, the lap percentage Lap(%) is calculated on the basis 
of the width Woo of the own vehicle CO, the width Wcf of the first preceding 
object Cf, the amount of deviation AQ(C^ of the widthwise center of the first 
preceding object Cf from the centerline CL of the own vehicle CO, and the 
overlapping width Ws of the own vehicle CO. In this example, it is assumed 
that the width Wcf of the first preceding object Cf is not smaller than the 
width Wco of the own vehicle CO. In step S401, the lap percentage Lap(%) 
is calciilated according to the equation specified above. 
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Step S401 is followed by step S402 to determine whether the 
calcxdated lap percentage Lap(%) is higher than a predetermined first 
threshold value Lapl(%) (e.g., 20%). If a negative decision (NO) is obtained 
in step S402, one cycle of execution of the routine of Fig. 14 is terminated. 
If an affirmative decision (YES) is obtained in step S402, the control flow 
goes to step S403 to increment the PCS initiating time Tspcs by a 
predetermined amount ATspcs2 (e.g., 0.2sec), so that the moment of initiation 
of operations of the operating devices is advanced by the predetermined 
amount ATspcs2. and to increment the PCS operation mode value Mpos by a 
predetermined amoimt AMpcs2 (e.g., l). 

Step S403 is followed by step S404 to determine whether the 
calculated lap percentage Lap(%) is higher than a predetermined second 
threshold value Lap2(%) (e.g., 80%), which is higher than the first threshold 
value Lapl(%), If a negative decision (NO) is obtained in step S404, one 
cycle of execution of the routine of Fig. 14 is terminated. If an afGrmative 
decision (YES) is obtained in step S404, the control flow goes to step S405 to 
further iacrement the PCS initiating time Tspcs by a predetermined amount 
ATspcs3 (e.g., 0.2sec), so that the moment of initiation of operations of the 
operating devices is advanced by the predetermined amount ATspcs3, and to 
further increment the PCS operation mode value Mpcs by a predetermined 
amount AMpcss (e.g., l). According to the routine of Fig. 14, the PCS control 
mode is changed in steps according to the lap percentage Lap(%) of the own 
vehicle CO with respect to the first preceding object Cf. 
v) ACC and PCS Control Routine 

The ACC and PCS control routine in step 5 of the crash-safe 
control program of Fig. 6 is illustrated in detail in the flow chart of Fig. 16. 
This routine is provided to effect the ACC and PCS controls of the operating 
devices (32-56) of the own vehicle CO, in the control modes determined in the 
first and second routines for control mode determination in steps S3 and S4. 

The routine of Fig. 16 is initiated with step S501 to determine 
whether a predetermined condition for initiating the PCS control is satisfied. 
This condition may be a condition that must be controlled to initiate an 
ordinary PCS control of the own vehicle CO. For . instance, the 
predetermined condition is satisfied when the running speed Vco of the own 
vehicle CO is higher than a predetermined value Vspcs. If a negative 
decision (NO) is obtained in step S501, the PCS control is not initiated, that 
is, the control flow goes to step S505 while skipping the following step S502. 
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If an aflSLrmative decision (YES) is obtained in step S501, the control flow 
goes to step S502 to determine whether the crashing time Tbcf co of the own 
vehicle CO and the first preceding vehicle Cf is equal to or shorter than the 
PCS initiating time Tspcs updated in step S304. If a negative decision (NO) 
5 is obtained in step S502, the control flow goes to step S505 to inhibit the PCS 
control and permit the ACC control. If an affirmative decision (YES) is 
obtained in step S502, the control flow goes to step S503 to inhibit the ACC 
control and permit the PCS control. Step S503 is followed by step S504 to 
initiate the PCS control operation, in the control mode according to the PCS 
10 operation mode value Mpcs updated in step S304. This PCS control 
operation will be described below. Upon completion of step S504, one cycle 
of execution of the ACC and PCS contarol routine of Fig. 16 is terminated. 

Step S505 is followed by step S506 to determine whether a 
predetermined condition for initiating the ACC control is satisfied. This 
15 condition may be a condition that must be controlled to initiate an ordinary 
ACC control of the own vehicle CO. For instance, the predetermined 
condition is satisfied when the running speed Vco of the own vehicle CO is 
higher than a predetermined value Vsacc while an ACC control switch is in 
its ON state and while the brake operating member (e.g., brake pedal) is not 
20 in operation. If a negative decision (NO) is obtained in step S506, the ACC 
control is not initiated, and one cycle of execution of the present routine is 
terminated. If an affirmative decision (YES) is obtained in step S506, the 
control flow goes to step S507 to determine whether the crashing time Tscf-co 
of the own vehicle CO and the &cst preceding vehicle Cf is equal to or shorter 
25 than the ACC initiating time Tsacc updated in step S309. If a negative 
decision (NO) is obtained in step S507, the control flow goes to step S509 to 
initiate a constant-speed- ACC operation of the electronic throttle actuator 34 
of the own vehicle CO, and one cycle of execution of the present routine is 
terminated. K an affirmative decision (YES) is obtained in step S507, the 
30 control flow goes to step S508 to initiate the deceleration- Acc operation of the 
operating devices (34, 38, 44) in the control mode according to the ACC 
operation mode value Macc updated in step S309, and one cycle of execution 
of the present routine is terminated. These constant-speed- Acc operation 
and the deceleration- ACC operation of the operating devices (32-56) wiH be 
35 described below. 

<Operations of Operating Devices (32-56) in ACC and PCS Controls 
The ACC and PCS controls per se are well known in the art. 
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the crash-safe vehicle control system according to the present embodiment is 
basically arranged to effect the ACC and PCS controls in a manner known in 
the art. Therefore, only those aspects of the ACC and PCS control which 
are characteristic of the present invention will be described. 

The ACC control is roughly classified into the constant- ACC 
control operation and the deceleration-ACC control operation. The 
constant-speed-ACC control operation is performed while the 
vehicle-to-vehicle time Tacf co of the own vehicle CO and the first preceding 
vehicle Cf is longer than the threshold value Tsacc (ACC initiating time). 
In the constant-speed-ACC control operation, the electronic throttle actuator 
34 of the engine device is controlled such that the running speed VCO of the 
own vehicle CO is maintained at an ACC speed Vacg which is selected by the 
vehicle operator within a predetermined range (e.g., 40-lOOkm/h). 
Described in detail, the crash-safe ECU 10 calcxilates a target 
acceleration/deceleration value of the own vehicle CO on the basis of a 
difference between the selected ACC speed Vacc and the detected running 
speed VCO, and applies an engine control signal corresponding to the 
calculated target acceleration/deceleration value, to the engine ECU 32 of 
the engine device, so that the engine ECU 32 controls the electronic throttle 
actuator 34 to control the output of the engine device, according to the 
engine control signal. 

The deceleration- ACC control operation is performed while 
the vehicle-to-vehicle time Tacrco of the own vehicle CO and the fixst 
preceding vehicle Cf is equal to or shorter than the threshold value Tsacc 
(ACC initiating time). In the constant-speed-ACC control operation, the 
electronic throttle actuator 34, transmission actuator 38 and brake actuator 
44 of the own vehicle CO are controlled on the basis of a difference between 
the vehicle- to -vehicle time Tacf co and the ACC initiating time Tsacc, and the 
relative speed Vcf-co of the first preceding vehicle Cf and the own vehicle CO. 
Described in detail, the crash-safe ECU 10 calculates a target deceleration 
value G* of the own vehicle CO on the basis of the above -indicated difference 
and the relative speed Vcf-co, and apphes control signals corresponding to the 
calculated target deceleration value G*, to the engine ECU 32 of the engine 
device, the transmission ECU 36 of the transmission device and the brake 
ECU 42 of the brake device, so that the ECUs 32, 36, 42 control the 
respective electronic throttle actuator 34, transmission actuator 38 and 
brake actuator 44, for applying a braking force corresponding to the target 
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deceleration value G* to the own vehicle CO. Described more specifically, 
only the electronic throttle actuator 34 is controlled to reduce the output of 
the engine device when the target deceleration value G* is lower than a 
predetermined first upper limit, and the transmission actuator 38 is also 
controlled to shift down the transmission device when the target 
deceleration value G* is higher than the first upper limit. When the target 
deceleration value G* is higher than a predetermined second upper limit 
higher than the first upper limit, the brake actuator 44 is controlled to apply 
a brake to the own vehicle CO. Thus, the deceleration-ACC contarol 
operation is performed in a selected one of three manners depending upon 
the calculated target deceleration value G* of the own vehicle CO. 

When the ACC initiating time Tsacc is incremented in step 
S309 in the first routine for control mode determination, the threshold value 
Tsacc for the vehicle-to-vehicle time Tacf co used in step S507 is accordingly 
incremented, so that the moment of initiation of the deceleration-ACC 
control operation is accordingly advanced, as described above. In this case, 
the ACC operation mode value Macc (initially set at "ffO is also incremented, 
and the calculated target deceleration value G* is increased according to the 
incremented ACC operation mode value Macc When the value Macc is 
incremented to "1", for example, the calculated target deceleration value G* 
is multipUed by 1.2. Since each of the appropriate operating devices (engine 
device, transmission device and brake device) is controlled according to the 
target deceleration value G*, the moments of initiation of the transmission 
device and the brake device are advanced, and the braking forces generated 
by the transmission and brake device are increased, as a result of an 
increase of the target deceleration value G* according to the ACC control 
mode changed in step S309. For example, fluid pressures in hydraulically 
operated wheel brake cylinders of the brake actuator 44 of the brake device 
are raised to increase the braking force applied to the own vehicle CO, 
according to an increase in the target deceleration value G* as a result of 
incremental increases in the ACC initiating time and the ACC operation 
mode value Macc in step S309.. 

In the PCS control, the brake device is set ready for operation, 
and the seatbelt device is controlled, for instance. The brake device is set 
ready for operation, in advance of an operation by the vehicle operator of the 
brake operating member (brake pedal) which is expected to be performed 
immediately before a crashing of the own vehicle CO with the first preceding 
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object C£ Described more specifically, the crash-safe ECU 10 applies to the 
brake ECJU 42 the control signal for initiating the PCS control operation 
when the crashing time Tbcf-co of the own vehicle CO and the first preceding 
object Cf has become equal to or shorter than the PCS initiating time Tspcs 
(threshold value), as described above. In this case, a hydraulic pump 
provided as a part of the brake actuator 44 is turned on. When the PCS 
initiating time Tspcs and the PCS operation mode value Mpcs are 
incremented in at least one the first and second routines for control mode 
determination in steps S3 and S4, the moment at which the hydraulic pump 
is turned on or started is advanced according to the incremented PCS 
initiating time Tspcs, and the hydraulic pump is controUed so as to increase 
the target fluid pressiures in the wheel brake cylinders according to the 
incremented PCS operation mode value Mpcs. Thus, an increase in the PCS 
initiating time Tspcs and PCS operation mode value Mpcs will start and 
control the hydrauHc pump so that the brake device is set ready for 
operation to increase the braking force to be appUed to the own vehicle CO. 
In the PCS control, too, the engine device and the transmission device as 
weR as the brake device may be controlled, so as to apply an abrupt 
emergency brake to the own vehicle CO, for avoiding a crashing of the own 
vehicle with the first preceding object Cf, as in the deceleration- ACC control 
operation. In this emergency brake appUcation in the PCS control, the 
braking force to be generated is considerably larger than that in the ordinary 
deceleration- ACC control operation. 

The seatbelt actuator 42 of the seatbelt device is provided 
with pre-tensioners for pre-tensioning the appropriate seatbelts. In the 
PCS control, these pre-tensioners are activated prior to a crashing of the own 
vehicle CO. When the above-described predetermined condition for 
initiating the PCS control is satisfied, the PCS control operation is 
initiated, that is, the crash-safe ECU 10 applies to the seatbelt ECU 50 
control signals for activating the pre-tensioners. When the PCS initiating 
time Tspcs and the PCS operation mode value Mpcs are incremented, the 
moment at which the pre-tensioners are activated is advanced according to 
the incremented PCS initiating time Tspcs, and the pre-tension values given 
to the pre-tensioners under the control of the seatbelt ECU 50 are increased 
according to the incremented PCS operation mode value Mpcs. For instance, 
the pre-tension values are SON, lOON, 150N and 200N when the PCS 
operation mode value Mpcs is 0, 1, 2 and 3, respectively. Thus, the effect to 
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be achieved by the PCS control is increased with an increase in the PCS 
operation mode value Mpcs. 

Immediately after the PCS control operation has been 
initiated, the brake lamp of the own vehicle CO is turned on to inform a 

5 trailing vehicle or vehicles following the own vehicle CO, of a brake 
appKcation to the own vehicle CO, for avoiding a crashing of the trailing 
vehicle or vehicles with the own vehicle CO. The brake lamp is also 
considered to an operating device to be controlled in the PCS control. The 
moment at which the brake lamp is turned on is changed depending upon 

10 the selected PCS control mode, for example, advanced by incrementing the 
PCS initiating time Tspcs. It is possible to inform the trailing vehicle or 
vehicles via the communication device 70 as well as the brake lamp, of a 
high possibilily of crashing of the own vehicle CO with the preceding object 
or objects. Further, the airbag device and any other devices for protecting 

15 the occupants of the own vehicle CO may be controlled depending upon the 
selected PCS control mode, and the steering device including the steering 
actuator 48 may be controlled so as to avoid a crashing of the own vehicle CO 
with the preceding object or objects. In this case, the moment of initiation 
of the control operation of the steering device and the amount of the control 

20 operation may be changed depending upon the selected PCS control mode. 
<Functional Elements of Crash-Safe ECU 10> 

The crash-safe vehicle control system including the crash-safe 
ECU 10 which is arranged to execute the crash-safe control program of Fig. 6 
(routines of Figs. 7, 12-14 and 16) described above is considered to include 

25 functional elements shown in the block diagram of Fig. 17. These 
functional elements will be described by reference to Fig. 17, The 
crash-safe vehicle control system further includes an object-information 
obtaining device 100 which includes the radar device 14, 
image-dependent-information obtaining device 20 and communication device 

80 70. The crash-safe ECU 10 includes- an object-information obtaining 
portion 102 arranged to receive the object information from the 
object-information obtaining device 100; a control-object specifying portion 
104; an operation-mode determining portion 106; and an operation control 
portion 108. The object information obtained by the object-information 

35 obtaining portion 102 is used by the portions 104, 106, and 108. 

The control-object specifying portion 104 is arranged to 
specify^ the preceding objects Cf, Cff as the control objects for the ACC and 
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PCS controls, on the basis of the object information. It will be understood 
that the control-object specifying portion 104 is constituted by a portion of 
the crash-safe ECU 10 assigned to implement step SI of Fig. 6 (own-lane 
object specifying routine of Fig. 7) and step S2 of Fig. 6 CA.CC/PCS control 

5 objects specifying routine of Fig. 12). The control-object specifying portion 
104 includes an own-lane object specifying portion 110 arranged to 
implement the step SI, and two -preceding-objects determining portion 112 
arranged to implement the step S2 for specifying the first and second 
preceding objects C:^ CfE Described in detail, the own-lane object specifying 

10 portion 110 is arranged to implement steps S106-S113 of Fig. 7 to specify the 
own-lane objects (each of which is at least partly located within the width of 
the own lane OL of the own vehicle CO), on the basis of the width-related 
information. These steps S106-S113 are considered to be a kind of a 
width-related-information-dependent control. That is, the own-lane object 

15 specifying portion 110 includes a width-related-information- dependent 
specifying portion 114 which is constituted by a portion of the crash-safe 
ECU 10 assigned to implement the steps S106-S113. The 
two-preceding-objects determining portion 112 is arranged to select the first 
preceding object (vehicle) Cf and the second preceding object (vehicle) Cff 

20 which immediately precedes the first preceding object Cf, from among the 
own-lane objects specified by the own-lane-object specifying portion 110, so 
that the specified objects Cf, Cff are controlled in the ACC and PCS controls. 

The operation-mode determining portion 106 is arranged to 
determining the control modes in the ACC and PCS controls of the 

25 appropriate operating devices, on the basis of the control objects Ct Cff 
specified by the control-object specifying portion 104, and the object 
information on the specified control objects Cf, Cff, It will be imderstood 
that the operation-mode determining portion 106 is constituted by portions 
of the crash-safe ECU 10 assigned to implement step S3 (first control mode 

30 determination routine of Fig. 13) and step S4 (second control mode 
determination routine of Fig. 14) of Fig. 6, The operation-mode determining 
portion 106 includes a second-preceding-object- information-dependent 
determining portion 116 arranged to implement the step S3, and a 
width-related-information-dependent determining portion 118 arranged to 
35 implement the step S4. The second-preceding-object-information 
-dependent determining portion 116 is arranged to determine the ACC and 
PCS control modes on the basis of the condition of a non-first preceding 
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object in the form of the second preceding object Cff. In this respect, the 
determining portion 116 is considered to be effect a kind of a 
non-first-preceding-object-information-dependent control. Described in 
detail, the second-preceding-object-information-dependent determining 

5 portion 116 is arranged to determine the ACC and PCS control modes on the 
basis of at least the deceleration value Gcff of the second preceding vehicle 
Cff which is a non-first preceding object (existing in fi:ont of the first 
preceding vehicle C^, and the arrival time Tacff-cf and crashing time Tbcff-cf 
of the first preceding vehicle Cf with respect to the non-first preceding object 

10 Cft The width-related-information-dependent determining portion 118 is 
arranged to estimate the lap ratio in the form of the lap percentage Lap(%) 
of the own vehicle CO with respect to the fiirst preceding object C^ on the 
basis of the width-related information, and determine the PCS control mode 
on the basis of the estimated lap ratio. It wiU be understood that step S4 

15 implemented by this width-related-infbrmation-dependent determining 
portion 118 is considered to be a kind of the 
width-related-information-dependent control. 

The operation control portion 108 is arranged to control 
operating devices 120 such as the engine device, brake device and seatbelt 

20 device (described above), in control modes determined by the operation-mode 
determining portion 106, on the basis of the object information relating to 
the specified control objects or specific objects Cf, Cff. Namely, the 
operation control portion 108 is arranged to implement step S5 of Fig. 6 
(ACC and PCS control routine of Fig. 16). 

25 The crash-safe ECU 10 further includes a memory, portion 

122 for storing various control parameters, threshold values and other data 
which are used by the contacol-object specifying portion 104, operation-mode 
determining portion 106 and operation control portion 108. The data stored 
in the memory portion 122 include- width Woo of the own vehicle CO; 

30 threshold values Tapes, TaACC, Tbpcs, TbACC for the arrival time Tacff cf and 
crashing time Tbcff Cf; initial values of initiating time Tspcs, ACC initiating 
time TsACC, PCS operation mode value Mpcs, and ACC operation mode value 
MaccJ increment amounts ATspcsi-3 of the initiating times Tspcs and Tsacc 
and increment amounts AMpcsi-3 of the operation mode values Mpcs and 

35 MaccJ and threshold values Lap 1 and Lap 2 for the lap percentage Lap(%). 
These control parameters, threshold values, etc. stored in the memory 
portion 122 can be changed to change the conditions for initiating the PCS 
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and ACC controls, and the PCS and ACC control modes. 



